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X XXII. On the Success of the Bark of the Willow in the Cure qf Agues. By 
the Rev. Edm. Stone, of Chipping-Norton, Oxfordshire. Dated April 
25 th, 1763. p. 195. 

About 6 years prior to the above (late, Mr. S. tasted the willow bark, and was 
surprised at its extraordinary bitterness, which immediately raised in him a sus- 
picion of its having the properties of the Peruvian bark. As this tree delights ' 
in a moist or wet soil; where agues chiefly abound, the general maxim that many 
natural maladies carry their cures along with them, or that their remedies lie not 
far from their causes, was so very apposite to this particular case, that he could 
not help applying it; and that this might be the intention of Providence he owns 
had some weight with him. The plenty of this bark furnished him, in his spe- 
culative disquisitions on it, with an argument both for and against these imaginary 
qualities of it; for on one hand, as intermittents are very common, it was rea- 
sonable to suppose, that what was designed for their cure should be as common 
and as easy to be procured. But then, on the other hand, it seemed probable, 
that if there was any considerable virtue in this bark, it must have been disco- 
vered from its plenty. His curiosity prompted him tp look into the dispensatories 
and books of botany, and examine what they said concerning it; but there it ex- 
isted only by name. He could not And, that it ever had any place in pharmacy, 
or any such qualities as he suspected, ascribed to it by the botanists. 

However he determined to make some experiments with it ; and for this pur- 
pose he gathered that summer near 1 lb. weight of it, which he dried in a bag, 
on the outside of a baker’s oven, for more than 3 months, at which time it was 
to be reduced to a powder by pounding and sifting, after the manner that other 
barks are pulverised. It was not long before he had an opportunity of making 
- a trial of it; but being an entire stranger to its nature, he gave it in very small 
quantities, he thinks it was about 30 grains of the powder at a dose, and repeated 
VOL. XII. B 
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it every 4 hours between the fits; but with great caution, and the strictest at- 
tention to its effects; the fits were considerably abated, but did not entirely 
cease. Not perceiving the least ill consequences, he became bolder with it, and 
in a few days increased the dose to 2 scr. and the ague was soon removed. It 
was then given to several others with the same success, but he found it better an- 
swered the intention, when 1 dram of it was taken every 4 hours in the intervals 
of the paroxysms. 

He had continued to use it with success, as a remedy for agues and inter- 
mitting disorders for 5 years successively. It had been given he believed to SO 
persons, and never failed in the cure, except in a few autumnal and quartan 
agues, with which the patients had been long and severely afflicted; these it re- 
duced in a great degree, but did not wholly take them off; the patient, at the 
usual time for the return of his fit, felt some smattering of his distemper, which 
the incessant repetition of these powders could not conquer; it seemed as if their 
power could reach thus far and no farther; and he supposed that it would hot 
have long continued to reach so far, and that the distemper would have soon re- 
turned with its pristine violence; but he did not stay to 'see the issue: he added 
-one-fifth part of the Peruvian bark to it, and With this small auxiliary it totally 
routed its adversary. It was found necessary also, in one Or two obstinate cases, 
at other times of the year, to mix the same quantity of that bark with it; but 
these were cases where the patient went abroad imprudently, and caught cold, as- 
a post-chaise boy did, who being almost recovered from an inveterate tertian ague, 
would follow his business; by which means he not only neglected his powders, 
but meeting with bad weather renewed his distemper. 

One-fifth part was the largest, dnd indeed the only proportion of the quin- 
quina made use of in this composition, and this only on extraordinary occasions; 
the patient was never prepared, either by vomiting, bleeding, purging, or any 
medicines of a similar intention, for the reception of this bark, but he entered 
upon it abruptly and immediately, and it was always given in powders, hvith any 
common vehicle, as water, tea, small beer, and such like. This Was done purely 
to ascertain its effects; and that he might be assured the changes wrought in the 
patient could not be attributed to any other thing; though, had there been a due 
preparation, the most obstinate intermittents would probably have yielded to this 
bark without any foreign assistance: and by all he could judge from 5 years ex- 
perience of it on a number of persons, it appeared to be a powerful absorbent, 
astringent, and febrifuge in intermitting cases, of the 6ame nature and kind with 
the Peruvian bark, and to have all its properties, though perhaps not always in 
the same degree. It seemed likewise to have this additional quality, viz. to to a 
safe medicine, for he never could perceive the least ill effect from it, though it 
. had been always, given without any preparation of the patient. 
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The tree from which this bark was taken, is stiied by Ray, inr his Synopsis, 
salix alba vulgaris, the common white willow. Haec omnium nobis cognitarum 
maxima est, et in satis crassam et proceram arborem adolescit. It is called in 
these parts by the common people, the willow, and sometimes the Dutch willow; 
but if it be of a foreign extraction, it has been so long naturalized to this cli- 
mate, that it thrives as well in it as if it was in its original soil. It is easily dis- 
tinguished by the notable bitterness, and the free running of its bark, which 
may be readily separated from it all the summer months, while the sap is up. 
He took it from the shoots of 3 or 4 years growth, that sprung from pollard 
trees, the diameters of which shoots, at their larger end, were from 1 to 4 or 
9 inches: R is possible, and indeed not improbable, that this cortex, taken from 
larger or older shoots, or from the trunk of the tree itself, may be stronger; but 
be had not had time nor opportunities to make the experiments which ought to 
bo made upon it. The bark he had, was gathered in the northern parts of Ox- 
fordshire, which are chiefly of dry and gravelly nature, affording few moist or 
moory places for this tree to grow in ; and therefore, he suspected that it was not 
so good here as in some other parts. Few vegetables are equal in every place; 
all have their peculiar soils, where they arrive to a greater perfection than else- 
where: the best and strongest mustard-seed is gathered in the county of Durham ; 
the finest saffron-flowers are produced in some particular spots of Essex and 
Cambridgeshire; the best cyder-apples grow in Herefordshire, Devonshire and 
the adjacent counties; the roots of valerian are esteemed most medicinal which 
are dug up in Oxfordshire and Gloucestershire; and therefore why may not the 
cortex salignus, or cortex anglicanus, have its favourite soil, where it may flourish 
most, and attain to its highest perfection? It is vpry probable that it has; and 
perhaps it may be in the fens of Lincolnshire, Cambridgeshire, Essex, Kent, or 
some such like situations; and though the bark which grew in the county of Ox- 
ford, may seem in some particular cases to be a little inferior to the quinquina, 
yet in other places it may equal, if not exceed it. The powders made from this 
bark are at first of a light brown, tinged with a dusky yellow ; and the longer 
they are kept, the more they incline to a cinnamon or lateritious colour, which 
he believed was the case with the Peruvian bark and powders. 

XXXII 1. Of an Earthquake in Siberia. In a Letter from Morn. Weymarn to 

Dr. Mounsey, Principal Physician of the Emperor of Russia, F.R.S. Trans- 
lated from the French, p. 201. 

This earthquake, or rather these several earthquakes, happened in the months 
of October, November, and December, 1761 . They shook the buildings a little, 
but did no damage. It is -said that such earthquakes happen there frequently, 
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almost every year; and the inhabitants, being thus accustomed to them, take 
little notice of them. 

XXXIV. Roman Inscriptions at Tunis in Africa, copied about the Year 1730 
by Dr. Carilos, a Native of Madrid, then Physician to the Bey of Tunis. 
Communicated by John Locke , Esq. F. R.S. p. 211. 

These numerous Roman inscriptions are in honour of different Roman em- 
perors, and other distinguished persons. 

XXXV. A Letter from Mr. George Edwards , F. R. S. to Thomas Birch, D.D., 
Sec. R. S. concerning an Observation made by him in Optics, p. 229 . 

Having lately accidentally discovered that the shadows of things floating in 
water, a little below its surface, are reflected from the air above the water more 
strongly than objects above the surface of the water are reflected from the water, 
and consequently, that fishes playing beneath the surface of a still water may 
see their images distinctly playing in the air, with this advantage over men who 
view their faces in the water ; for things in air that are reflected from the water, 
must have, when placed over the water, their dark or shadowed sides reflected 
from it, which renders the images obscure. On the contrary, the inhabitants of 
the waters have almost a hemisphere of light falling on their upper sides, which 
are the sides that are reflected from the air, which consequently renders such 
images lighter, and more Striking to the eye, than reflections of obscured things 
in air, when reflected from the water. As I have never heard of, or read, any- 
account of this discovery, I imagine it may be new; but you, Sir, in far more 
extensive reading, may be acquainted with such a discovery. 

XXXVI. Two Remarkable Cases in Surgery .* By Mr. Francis Geach , Sur~ 

geon, Plymouth, p. 231. 

XXXVII. Of a New Dye, from the Berries of a Weed in South Carolina* By 
Mr. Moses Lindo, dated at Charles Town, Sept. 2, 17 63. p. 238.. 

In August 1757, Mr. L. observed the mocking bird fond of a berry, which 
grows on a weed called pouck, represented to him as of a poisonous quality; the 
juice of. this berry being a blooming crimson. He was several times inclined to 
try if he could extract a dye from it; yet the very thoughts of its quality pre- 
vented him from proceeding, till observing these birds to void their excrement of 
the same colour as the berry on the Chinese rails in his garden, convjnced him 
it was not of the quality represented. He therefore made a trial in the following 

* May be consulted in the vol. of Medical and Surgical Observations, published by this author/ 
in 1768. 
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manner. 1st* He ordered one of his negroes to gather him a pint of those 
berries, from which he extracted almost -f of a pint of a juice, and boiled it with 
a pint of Bristol water, ± of an hour. 2dly. He then took 2 pieces of flannel, 
and numbered them 1 and 2, boiled them in a separate tin-pot with alum ^ of 
an hour, and finced them in cold water. 3dly. He then dipped the piece of 
flannel N° 1 into the pot where the juice was, and left it to simmer 5 minutes; 
then took it out, and rinced it in cold water, when, to his surprise,, he found a 
superior crimson dye fixed on the flannel than the juice of the berry. 4thly.. 

He then dipped the piece of flannel N° 2 in the same juice, and being desirous 
to clean his hands from the stain which N° 1 had caused, he ordered some lime 
water to be brought him, such as he used to settle the indigo, and found the co- 
lour of the stain change to a bright yellow. This unexpected change urged him 
to throw a wine glass full of lime water into the pot, where the piece of flannel 
N° 2 was simmering; on which all the juice, as well as the flannel,, became of 
a bright yellow; by which he found alum fix the crimson, and lime the yellow,- 
5thly. Having then put a quart of fresh juice in 2 pint decanters, in one of 
which he put a small quantity of powdered alum, he laid them up; about & 
weeks after he examined them, and found the juice in the decanter, which had 
no alum, was turned black, and the other retained its colour. 

XXXVIII. On the Eclipse of the Sun , April 1, 1764. By Mr. James Fer- 
guson, F. R. S. p. 240. 

« t 

This was a projection of the eclipse of the sun, which was to happen on the 
1st of April 1764. The diagram shows the time and phases of that eclipse, for 
the Royal Observatory at Greenwich, and the calculation is from Meyer’s tables- 
As these tables gave the appearance and the times very different from those of 
Flamsteed, Halley, and La Caille, Mr. F. offers this projection as a means of 
proving which tables are the more accurate. 

If the motions of the sun and moon were equable, any given eclipse wo uld 
always return in a course of 223 lunations, which would consist of 18 years 11- 
days 7 hours 43 minutes 20 seconds (as was observed by the ancients) for 1 388. 
years; and would for ever do so, if, at the end of each period, the sun and moon. 
should be in conjunction either in the same node, or at the same distance from it 
as before. But that is not the case: for if the sun and moon are once in conjunc- 
tion at 18° distance from the node, which is the greatest distance at which the 
moon’s shadow can touch the earth, at the next period of 18 years 1 1 days. See- 
the sun and moon will be 28' 12' of a degree nearer the same node than they 
were at the period last before. And so by felling gradually nearer and nearer the 
same node every time, the moon’s shadow will pass over the centre of the earth’s 
enlightened disk, at the end of the 38th periodical return of the eclipse, from the. 
time of its first coming in at dither of the earth’s poles ; because the conjuncliox 
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falls in the node at the end of the 38th period. In each succeeding period, the 
conjunctions of the sun and moon will be gradually farther and farther from the 
node, by the quantity of 28' 12'; which wilt cause the moon’s shadow to pass 
over the disk, of the earth farther and farther on the opposite side from its 
centre, till it quite leaves die earth, and travels in expansion for about J 2,492 
years, before it can come upon the earth again at the same pole as before. 

The reason of this will be plain, when we consider, that 18° from either of the 
nodes of the moon’s orbit is the greatest distance at which her shadow can touch 
the earth at either of its poles. And as there are 18° on each 6ide of the node, 
within the limits of a solar eclipse ; and twice 18 make 36, these are all of the 
360 degrees of the moon’s orbit about either of the nodes, within which there 
can be an eclipse of the sun : and as these eclipses shift through 28' 1 2" of these 
36 degrees, in every Chaldean or Plinian period, they will shift through the whole 
limit in 77 periods, which include 1388 years and 3 months. And then the 
periods have the remaining 324 degrees of the moon’s orbit to shift through, at 
the rate of only 28 y 12* in each period, before they can be near enough to the 
same node again, for the moon’s shadow to touch the earth; and this cannot 
be gone through in less than 12,492 years ; for as 36 is to 1388, so is 324 to 
12,492. 

The eclipse, April 1 st, 1 764, fell in the open space, quite clear of the earth at 
each return, ever since the creation, till a. d. 1295, June 13th, old stile, at 12 h 
52 m 59* p. m. when it touched the earth at the north pole, according to the mean 
(or supposed equable) motions of the sun and moon ; their conjunction being 
then 17° 48' 27* from the moon’s ascending node, in the northern part of her 
orbit. In each period since that time, the conjunction of the sun and moon has 
been 28' 1 2* nearer and nearer the same node, and the .moon’s shadow has tberer 
fore gone more and more southerly over the earth. In the year 1962, July j 8th 
old stile, at 10 h 36 m 21* r. m. the same eclipse will have returned 38 times; and 
as the conjunction will then be only 24' 45' from the node, the centre of the 
moon’s shadow will fall but a little northward of the centre of the earth’s en- 
lightened disk. At the end of the next following period, the conjunction of the 
sun and moon will have receded back. 3' 27' from the moon’s ascending node, 
into the southern part of her orbit ; which will cause the centre of her shadow 
to pass a very small matter south of the centre of the earth’s disk. After which 
in every following period, the conjunction of the sun and moon will fall 28' 12' 
farther and farther back from the node, and the moon’s shadow will go still far- 
ther and farther southward on the earth, till a. d. 2665, September 12, old stile, 
at 23 h 46® 22 s p. m. when the eclipse will have finished its 77th period, and will 
finally leave the earth at the south pole ; and cannot begin the same course over 
the earth again in less than 12,492 years, as above mentioned. And thus, if the 
motions of the sun and moon were equable, the same eclipse would always return 
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in 18 Julian years, 1 1 days, 7 hours, 43 minutes, 20 seconds, when the last day 
of February in leap years is 4 times included in the period ; but when it is 5 
times included, the period is one day less, or 18 years, 10 days, 7 hours, 49 
hiinutes, 20 seconds. 

But on account of the Various anomalies of the sun and moon, arising from 
their moving in eliptic orbits, and the sun's different attractions of the moon in 
different parts of her orbit, the conjunctions of the sun and moon never succeed 
one another at equal intervals of time ; but differ sometimes by no less than 14, 
19, or lS houri : and therefore, in order to know the true times of the returns of 
any eclipse^ recourse must be had to long and tedious calculations. In order to 
show both the mean and true times of the above mentioned eclipse, through all 
its periods, while it is Visible On this earth, together with the mean anomalies of 
the sun and moon, the true distance of each conjunction from the ascending 
n^de, with the true latitude of the moon at the time of each of her true con- 
junctions with the sun, according to the old stile, Mr. F. calculated the 4 fol- 
lowing tables. 

According to the mean (or supposed equable) motions of the sun, moon, and 
nodes, the moon's shadow in this eclipse would have first touched the earth at the 
north pole, on the 1 3th of June a. d. 12Q5 ; and would quite leave the earth at 
the south poley on the 12th df September, a. d. 2605, at the completion of its 
77th period ; as shown in the first and 2d tables. But on account of the true 
(or unequable) motions of the son, moon, and nodes, the true lines of conjunc- 
tions of the sun and moon, and the sun's true distance from the moon’s ascending 
node, are as set down in tpe 3d and 4th tables ; and the moon’s true latitude is 
too great at the end of the first mean period, to allow her shadow to touch the 
earth. So that the first time of the coming-in of this eclipse was at the end of 
its 2dmean period ; and tiie true time was on the 24th of June, a.d. 1813, at 
3 h 57"' 3* past noon at London : and it will finally leave the earth on the 3 1st of 
July, a. d. 2503, at 10 11 25 m i3r* past noon, at the completion of its 72d period. 
So 'that the 1 true motions do not only.aiter the true times from the mean, but they 
also cut off 5 periods from those of the mean returns of this eclipse. 

In this and all other eclipses of the isun, which happen about the asoending 
node of the mooii’s orbit, the moon’s shadow first touches the earth at or about 
the north pole.; and goes more and more southerly over the earth in each return, 
till it quite leaves the earth at'or near the south pole. But when eclipses happen 
about the descending node, (asthatof July 14th a.d. 1748 did) the moon’s sha- 
dow first touches the earth at or 'near the south pole; and goes gradually more 
and more northward in each periodical return, till it finally leaves the earth at the 
north pole. And as the obliquity of the moon’s orbit to the ecliptic is the same 
about both the nodes, there must be the same number of eclipses about the one 
as about the other. 
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TABLE I. 


The mean time of new moon, with the mean anomalies of the sun and moon, and the aun's mean 
distance from the moon’s ascending node, at the mean time of each periodical return of the sun's 
eclipse, March 21st, 1764, from the time of its first coming upon the earth since the creation, 
till it falls right against the earth's centre, according to the old style. 


Periods. 

Years of 
Christ. 

( 

Mean time of new moon. 

Sun's mean 
anomaly. 

M 

oon’s mean 
anomaly. 

Son's mean distance 
from the node. 

0 

1277 

June 

2* 

5* 

1 9*39* 

1 

11' 

17° 57' 

41" 

1 1 

1 26®31‘ 

'42" 

0* 

18° 16' 

40" 

I 

1295 

June 

13 

12 

52 

58 

11 

28 

27 

38 

1 

23 

40 

19 

0 

17 

48 

27 

2 

1313 

June 

23 

20 

36 

19 

0 

8 

57 

35 

1 

20 

48 

56 

0 

17 

20 

15 

3 

1331 

July 

5 

4 

19 

39 

0 

19 

27 

32 

1 

17 

57 

33 

0 

16 

52 

2 

4 

1349 

July 

15 

12 

2 

59 

0 

29 

57 

29 


15 

6 

10 

0 

16 

23 

50 

5 

1367 

July 

26 

19 

46 

19 

1 

10 

27 

26 

1 

12 

14 

47 

0 

15 

55 

87 

6 

1385 

Aug. 

6 

3 

29 

39 

1 

20 

57 

23 

1 

9 

23 

24 

0 

15 

27 

25 

7 

1403 

Aug. 

17 

11 

12 

59 

2 

1 

27 

20 

1 

6 

32 

1 

0 

14 

59 

12 

8 

1421 

Aug. 

27 

18 

56 

19 

2 

11 

57 

17 

1 

3 

40 

38 

0 

14 

31 

0 

9 

1439 

Sept. 

8 

2 

39 

39 

2 

22 

27 

14 

1 

0 

49 

15 

0 

14 

2 

47 

10 

1457 

Sept. 

18 

10 

2 

59 

3 

2 

57 

11 

0 

27 

57 

52 

0 

13 

34 

35 

11 

1475 

Sept. 

29 

18 

6 

19 

3 

13 

27 

*8 

0 

25 

6 

29 

0 

13 

6 

22 

12 

1493 

Oct. 

10 

1 

*9 

39 

3 

23 

57 

5 

0 

22 

15 

6 

0 

12 

38 

10 

13 

1511 

Oct. 

21 

9 

32 

59 

4 

4 

27 

2 

0 

19 

23 

43 

0 

12 

9 

57 

14 

1529 

Oct. 

31 

17 

16 

19 

4 

14 

56 

59 

0 

16 

32 

20 

0 

11 

41 

45 

15 

1547 

Nov. 

12 

0 

59 

40 

4 

25 

26 

56 

0 

13 

40 

57 

0 

11 

13 

32 

16 

1565 

Nov. 

22 

8 

43 

0 

5 

5 

56 

53 

0 

10 

49 

34 

0 

10 

45 

20 

17 

1583 

Dec. 

3 

16 

26 

20 

5 

16 

26 

50 

0 

7 

58 

9 

'0 

10 

17 

7 

18 

1601 

Dec. 

14 

0 

9 

40 

5 

26 

56 

47 

0 

5 

6 

48 

0 

9 

48 

55 

1 9 

1619 

Dec. 

25 

7 

53 

0 

6 

7 

26 

44 

0 

2 

15 

25 

0 

9 

20 

42 

20 

1638 

Jan. 

4 

15 

36 

20 

6 

17 

56 

41 

11 

29 

24 

2 

0 

8 

52 

30 

21 

1656 

Jan. 

15 

23 

•9 

40 

6 

28 

26 

38 

11 

26 

32 

39 

0 

8 

24 

17 

22 

1674 

Jan. 

26 

7 

3 

0 

7 

8 

56 

35 

!1 

23 

41 

14 

0 

7 

56 

5 

23 

1692 

Feb. 

6 

14 

46 

20 

7 

19 

26 

32 

11 

20 

49 

53 

0 

7 

27 

52 

24 

1710 

Feb. 

1 6 

22 

29 

46 

7 

29 

56 

29 

11 

17 

58 

30 

0 

6 

59 

40 

25 

1728 

Feb. 

28 

6 

13 

0 

8 

10 

26 

26 

11 

15 

7 

7 

0 

6 

31 

27 

26 

1746 

March 

1 10 

13 

56 

20 

8 

20 

56 

53 

11 

12 

15 

44 

0 

6 

3 

15 

27 

1764 

March 20 

21 

39 

40 

9 

1 

26 

20 

11 

9 

24 

21 

0 

5 

35 

2 

28 

1782 

April 

1 

5 

23 

0 

1 9 

11 

56 

17 

11 

6 

32 

58 

0 

5 

6 

50 

29 

1800 

April 

11 

13 

6 

20 

9 

22 

26 

14 

11 

3 

41 

35 

0 

4 

38 

37 

30 

1818 

April 

22 

20 

♦9 

40 

10 

2 

56 

11 

11 

0 

50 

12 

0 

4 

10 

25 

31 

1836 

May 

3 

4 

33 

0 

10 

13 

26 

8 

10 

27 

58 

49 

0 

3 

42 

12 

32 

1854 

May 

14 

12 

16 

20 

10 

23 

56 

5 

10 

25 

7 

26 

0 

3 

14 

0 

33 

1872 

May 

24 

19 

59 

40 ; 

11 

4 

26 

2 

10 

22 

16 

3 

0 

2 

45 

47 

34 

1890 

June 

5 

3 

43 

0 

11 

14 

55 

59 

10 

19 

24 

40 

0 

2 

17 

35 

35 

1908 • 

June 

15 

11 

26 

20 

11 

25 

25 

56 

10 

16 

33 

17 

0 

1 

49 

22 

36 

1926 

June 

26 

19 

9 

40 

0 

5 

55 

53 

10 

13 

41 

54 

0 

1 

21 

10 

37 

1944 

July 

7 

2 

53 

0 

0 

16 

25 

50 

10 

10 

50 

31 

0 

0 

52 

57 

38 

1962 

July 

18 

10 

36 

21 

0 

26 

55 

47 

10 

7 

59 

8 

0 

0 

24 

45 
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TABLE IL 

The mean time of new moon, with the mean anomalies of the surt and moon, and the sun's mean 
distance from the moon’s ascending node, at the mean time of each periodical return of the sun's 
eclipse, March 21st, 1764, from the time of its tailing right against the earth's dentre, till it 
finally leaves the earth ; according to the old style. 


Periods. 

Years of 
Christ. 

Mean time of new moon. 

Sun’s mean 
anomaly. 

Moon's mean 
anomaly. 

Sun's mean distance 
from the node. 

89 

1980 

July 

28" 18 11 19*41* 

1* 7° 25' 44" 

10* 5° T 45" 

11 

29° 56 v 33" 

40 

1998 

Aug. 

9 2 3 1 

1 17 55 41 

10 2 16 22 

11 

29 8 20 

41 

30i6 

Aug. 

19 9 46 21 

1 28 25 38 

9 29 24 59 

‘ 1 1 

29 0 8 

42 

2034 

Aug. 

30 17 29 41 

2 8 55 3 6 

9 26 33 36 

11 

28 31 55 

43 

2052 

Sept. 

10 1 13 1 

2 19 25 33 

9 23 42 i3 

11 

28 3 43 

44 

2070 

Sept. 

21 8 56 21 

2 2y 55 30 

9 20 50 50 

11 

27 35 30 

45 

2083 

Oct. 

1 16 39 41 

3 10 25 27 

9 17 59 2 7 

11 

27 7 18 

46 

2106 

Oct. 

13 0 2S l 

3 20 55 24 

9 15 8 4 

11 

26 39 5 

47 

2124 

Oct. 

23 8 6 21 

4 1 25 21 

9 12 16 41 

11 

26 10 53 

48 

2142 

Nov. 

315 49 41 

4 11 55 18 

9 9 25 18 

11 

25 42 40 

♦9 

2100 

Nov. 

13 23 31 1 

4 22 25 15 

9 6 33 56 

11 

25 14 28 

50 

2178 

Nov. 

25 7 l6 21 

5 2 55 12 

9 3 42 33 

11 

24 46 15 

51 

2196 

Dec. 

5 14 59 41 

5 13 25 9 

9 0 51 10 

11 

24 18 3 

52 

2214 

Dec. 

16 22 43 1 

5 23 55 7 

8 27 59 47 

11 

23 49 50 

53 

2232 

Dec. 

87 6 2« 21 

6 4 25 4 

8 25 8 24 

11 

23 21 38 

54 

2251 

Jan. 

7 14 9 41 

6 14 55 1 

8 22 17 1 

11 

22 53 25 

55 

2269 

Jan. 

17 21 53 1 

6 25 24 58 

8 19 25 38 

11 

22 15 13 

56 

2287 

Jan. 

29 5 3$ 21 

7 1 5 54 55 

8 16 34 15 


21 5 7 0 

57 

2305 

Feb. 

8 IS 19 41 

7 16 24 52 

8 13 42 52 


21 28 48 

58 

2323 

Feb. 

19 21 3 1 

7 26 54 49 

8 10 51 29 

11 

21 0 35 

59 

2341 

March 

2 4 46 21 

8 7 24 46 

8 8 0 6 


20 32 23 

60 

2359 

March 13 12 29 42 

8 17 54 43 

8 5 8 43 

11 

20 4 10 

6 1 

2377 

March 23 20 13 2 

8 28 24 40 

8 2 17 20 

11 

19 35 58 

62 

2395 

April 

4 3 56 22 

9 8 54 37 

7 29 25 57 

11 

19 7 45 

63 

2413 

April 

14 11 39 42 

9 19 24 34 

7 26 34 34 


18 39 33 

64 

2431 

April 

25 19 28 2 

9 29 54 31 

7 23 43 11 


18 11-20 

65 

2449 

May 

6 3 6 22 

10 10 24 28 

7 20 51 48 

11 

17 43 8 

66 

2467 

May 

17 10 49 42 

10 20 54 25 

7 18 0 25 

11 

17 14 54 

67 

2485 

May 

27 18 33 2 

11 1 24 22 

7 15 9 2 

11 

16 46 43 

6 8 

2503 < 

June 

8 2 16 22 

11 11 54 19 

7 12 17 39 

11 

16 18 31 

69 

2521 

June 

18 9 59 42 

11 22 24 17 

I 7 9 26 16 


15 50 18 

70 

2539 

Jane 

29 17 43 2 

0 2 54 14 

7 6 34 53 

11 

15 22 6 

7l 

2557 

July 

10 1 26 22 

0 13 24 11 

7 3 43 30 

' | 1 

14 53 54 

72 

2575 

July 

21 9 9 42 

0 23 54 8 

7 0 52 7 

11 

14 25 41 

73 

2593. 

July 

31 16' 53 2 

1 4 24 5 

6 28 0 44 

11 

13 57 28 

74 

2611 

Aug. 

12 0 36 22 

1 14 54 2 

6 25 9 21 

11 

13 29 16 

75 

2629 

Aug. 

22 8 19 42 

1 25 23 59 

f 6 22 17 58 

11 

13 1 3 

76 

2647 

Sept. 

2 .16 3 2 

2 5 53 56 

6 19 26 35 


12 32 51 

77 

2665 

Sept. 

12 23 46 22 

2 16 23 53 

6 16 35 12'- 

11 

12 4 38 

0 

2683 

Sept. 

24 7 29 24 

2 26 53 50 

6 13 43 39 

11 

11 3 6 26 
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TABLE III. 

The true time of new moon, with the sun's true distance from the moon’s ascending node, and the 
moon’s true latitude, at the true time of each periodical return of the sun's eclipse, March 21, 
1 764, old stile, from the time of its 6rst coming on the earth since the creation, till it falls right 
against the earth’s centre. 


Periods. 

Years of 
Christ. 

True time of new moon. 

Sun’s true distance i 

from the node. | 

Moou’s true latitude. 

North. 

0 

1277 

June 


15 h 

9” 36* 

0‘ 

19° 

. 5' 

40" 

1° 

37 ' 

50" 

F. 

A. 

1 

1295 

June 

13 

21 

54 

32 

0 

18 

40 

54 

1 

33 

45 

if. 

A. 

2 

1313 

June 

24 

3 

57 

3 

0 

17 

20 

22 

1 

29 

34 

if. 

A. 

3 

1331 

July 

5 

10 

42 

8 

0 

16 

29 

35 

1 

25 

20 

f. 

A. 

4 

1349 

July 

15 

17 

14 

15 

0 

15 

34 

18 

1 

20 

45 

f. 

A. 

5 

1367 

July 

26 

23 

49 

24 

0 

14 

46 

8 

1 

16 

39 

N. 

A. 

6 

1385 

August 

6 

6 

41 

17 

0 

13 

59 

43 

1 

12 

43 

N. 

A. 

7 

1403 

August 17 

18 

32 

19 

0 

13 

16 

44 

1 

9 

3 

If . 

A. 

• a 

1421 

August 27 

20 

30 

17 

0 

12 

37 

4 

1 

5 

42 

F. 

A. 

$ 

1439 

Sept. 

8 

3 

51 

46 

0 

12 

I 

54 


2 

41 

F. 

A. 

10 

1457 

Sept. 

18 

10 

23 

11 

0 

11 

30 

27 

0 

58 

53 

IT. 

A. 

11 

1475 

Sept. 

29 

17 

57 

7 

0 

11 

3 

56 

0 

57 

43 

If. 

A. 

12 

1493 

Oct. 

10 

1 

44 

3 

0 

10 

41 

55 

0 

55 

49 

F. 

A. 

13 

1511 

Oct. 

21 

9 

29 

53 

0 

10 

25 

It 

0 

54 

28 

F. 

A. 

14 

1529 

Oct. 

31 

17 

9 

18 

0 

10 

11 

27 

0 

53 

12 

If. 

A. 

15 

1547 

Nov. 

12 

0 

51 

25 

0 

10 

1 

10 

0 

52 

19 

V. 

A. 

16 

1565 

Nov. 

22 

8 

54 

56 

0 

9 

52 

49 

0 

51 

46 

If. 

1. 

VI 

1583 

Dec. 

S 

16 

48 

17 

0 

9 

48 

4 

0 

51 

11 

K. 

4. 

18 

1601 

Dec. 

14 

0 

51 

5 

0 

9 

43 

42 

0 

50 

49 

F. 

A. 

!£► 

1619 

Dec. 

25 

8 

54 

59 

0 

9 

40 

23 

0 

50 

31 

If. 

A. 

20 

1638 

Jam 

4 

16 

5 6 

1 

0 

9 

34 

57 

0 

50 

3 

F. 

A. 

21 

1656 

Jan. 

15 

0 

54 

41 

0 

9 

29 

24 

0 

49 

57 

F. 

A. 

22 

1674 

Jan. 

26 

8 

48 

24 

0 

9 

19 

44 

0 

48 

44 

If. 

i. 

23 

1692 

Feb. 

6 

16 

36 

28 

0 

9 

8 

58 

0 

47 

49 

*• 

A. 

24 

1710 

Feb. 

17 

8 

6 

37 

0 

8 

54 

20 

0 

45 

43 

w. 

1. 

25 

1728 

Feb. 

28 

7 

43 

40 

0 

8 

34 

53 

0 

44 

52 

If. 

A. 

26 

1746 

March 10 

15 

14 

33 

0 

8 

10 

38 

0 

42 

46 

. w * 

A. 

27 

1764 

March 20 

22 

30 

26 

0 

7 

42 

14 

0 

40 

18 

* w. 

A. 

28 

1782 

April 

1 

5 

37 

4 1 

0 

7 

9 

27 

0 

37 

28 

V. 

A. 

29 

1800 

April 

11 

12 

36 

36 ; 

0 

6 

35 

30 1 

0 

34 

31 

V. 

A. 

30 

1818 

April 

22 

19 

27 

34 { 

0 

5 

51 

48 

0 

30 

43 

V. 

A. 

31 

1836 

May 

3 

2 

12 

7 

0 

5 

5 

5 1 

0 

26 

40 

X. 

A. 

32 

1854 

May 

14 

8 

50 

40 ! 

0 

4 

19 

45 

0 

22 

42 

Ft 

A. 

33 

1872 

May 

24 

15 

26 

15 

0 

3 

26 

3 

0 

18 

1 

F. 

A. 

34 

1890 

June 

4 

22 

8 

0 

0 

2 

35 

5 

0 

13 

34 

F. 

A. 

35 

1908 

Jane 

15 

4 

38 

23 

0 

1 

41 

43 

0 

8 

54 

F. 

A. 

36 

1926 

June 

26 

11 

13 

5 

0 

0 

47 

38 

0 

4 

10 

X. 

A. 

37 

1944 

July 

6 

17 

50 

35 

11 

29 

55 

28 

0 

0 

24 

a. 

A. 

38 

1962 

July 

18 

0 

31 

38 

11 

29 

2 

35 

0 

5 

2 

a. 

A. 


By the true motions of the sun, moon, and oodes, the moon's shadow falls even with the earth's 
centre 2 periods sooner than by their mean motions. 
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TABLE IV. 

The true time of new moon, with the sun's true distance from the moon’s ascending node, and the 
moon's true latitude, at the true time of each periodical return of the sun’s eclipse, March 21, 
1764, old stile, from the time of its falling right against the earth's centre, till it finally leaves the 
earth for upwards of 12,492 years. 


Periods. 

Years of 
Christ. 

| True time of new moon. 

Son’s true distance 
from the node. 

Moon’s true latitude. 
South. 

39 

1980 

1 July 

28 4 

7 * 

18® 53' 

ir 

00 

ir 

32" 

0° 

- 9' 

29 " 

8. 

A. 

40 

1998 

August 8 

14 

12 

22 

11 

27 

26 

'41 

0 

13 

25 

6. 

A. ' 

41 

S0l6 

August 18 

21 

14 

53 

11 

26 

42 

16 

0 

17 

18 

S. 

A. 

. 42 

2034 

August 30 

4 

25 

45 

11 

26 

2 

0 

0 

20 

48 

8. 

A. 

43 

2052 

Sept. 

9 

11 

45 

17 

11 

25 

26 

46 

0 

23 

53 

s. 

A. 

44 

2070 

Sept. 

20 

19 

17 

26 

11 

24 

55 

4 

0 

26 

39 

s. 

A • 

45 

2088 

Oct. 

1 

2 

57 

8 

11 

24 

27 

43 

0 

28 

58 

s. 

A. 

46 

2106 

Oct. 

12 

10 

47 

39 

11 

24 

4 

38 

0 

31 

2 

8. 

A. 

47 

2124 

Oct. 

22 

18 

37 

39 

11 

23 

48 

28 

0 

32 

26 

8. 

A. 

48 

2142 

Nov. 

3 

2 

56 

19 

11 

23 

35 

11 

0 

33 

• 53 

S. 

A. 

49 

2160 

Nov. 

13 

11 

11 

20 

11 

23 

22 

22 

0 

34 

42 

s. 

A. 

50 

2178 

Npv. 

24 

19 

86 

14 1 

11 

23 

18 

57 

0 

35 

0 

8. 

A. 

51 

2196 

Dec. 

5 

4 

4 

9 

11 

23 

14 

40 

0 

35 

22 

8. 

A • 

52 

2214 

Dec. 

16 

12 

35 

48 

11 

23 

10 

43 

0 

35 

43 

8. 

A. 

53 

2232 

Dec* 

36 

20 

29 

9 

11 

23 

6 

47 

0 

86 

1 

8. 

A. 

54 

2251 

Jan. 

7 

5 

42 

9 

11 

23 

4 

27 

0 

36 

16 

8. 

A. 

55 

2269 

Jan. 

17 

14 

14 

8 

11 

23 

0 

41 

0 

86 

35 

8. 

A . 

56 

2287 

Jan. 

28 

22 

43 

34 

11 

22 

53 

53 

0 

37 

10 

8. 

A. 

57 

2305 

Feb. 

8 

7 

8 

30 

11 

22 

44 

44 

0 

37 

69 

S. 

A. 

58 

2323 

Feb. 

19 

15 

7 

10 

11 

22 

31 

1 

0 

39 

8 

8. 

A. 

39 

2341 

! March 

2 

0 

6 

5 

11 

22 

17 ■ 

.4 6 

0 

40 

28 

S. 

A* 

60 

2359 

March 13 

7 

59 

17 

11 

21 

55 

29 

0 

42 

9 

s. 

A. 

61 

2377 

March 23 

15 

51 

59 

11 

21 

39 

40 

0 

43 

41 

s. 

A. 

6* 

2395 

April 

3 

23 

45 

7 

u 

51 

0 

53 

0 

46 

58 

8. 

A. * 

63 

2413 

April 

14 

7 

32 

40 

11 

20 

26 

22 

0 

49 

48 

8. 

A. 

64 

2431 

April 

25 

15 

12 

57 

11 

19 

47 

34 

0 

53 

17 

8. 

A# 

65 

2449 

May 

5 

22 

45 

14 

11 

19 

6 

22 

0 

56 

50 

8. 

A. 

66 

2467 

May 

17 

6 

17 

30 

11 

18 

21 

lf> 

1 

0 

40 

8. 

A. 

67 

2485 

May 

27 

13 

46 

30 

# n 

17 

34 

20 

1 

4 

42 

S. 

A. 

68 

2503 

June 

7 

21 

10 

31 

11 

16 

43 

17 

1 

9 

3 

8. 

A. 

69 

2521 

June 

18 

4 

24 

42 

11 

15 

51 

48 

1 

1 3 

26 

8. 

A. 

70 

2539 

June 

29 

11 

58 

46 

11 

15 

1 

12 

1 

17 

43 

8. 

A • 

71 

2557 

July 

9 

19 

24 

7 

11 

14 

9 

13 

1 

22 

6 

8. 

A. 

72 

2575 

July 

21 

2 

52 

34 

n 

13 

19 

22 

1 

26 

16 

8. 

A. 

73 

2593 

July 

31 

10 

25 

31 

11 

12 

13 

43 

1 

31 

44 

8. 

A. 

74 

2611 

August 1 1 

17 

58 

39 

11 

11 

45 

13 

1 

36 

13 

8. 

A. 

75 

2629 

August 22 

1 

41 

37 

11 

11 

1 

49 

1 

39 

50 

8. 

A. 

76 

2647 

Sept. 

2 

9 

29 

37 

11 

10 

22 

59 

l 

42 

0 

8. 

A e 

77 

2665 

Sept. 

12 

17 

25 

13 

[ 11 

9 

46 

48 

1 

45 

45 

8. 

A. 

0 

2683 

SepL 

24 

1 

29 

1 

I 11 

9 

15 

49 

1 

47 

58 

8. 

A. 


The true morions carry off the eclipse 4 periods sooner than the mean. 


c 2 



Digitized by 


jyGoogk 


PHILOSOPHICAL TRANSACTIONS. [ANNO 1763. 

XXXI X. Of an Earthquake at Chattigaon. Translated from the Persian by 
Mr. Edward Gttlslon, in the Service of the East India Company, p. 251. 
This earthquake happened in the region of Islamabad on the 22d of the month 
Chytt 1 168 Bengal aera, answering to the 2d of April, 1762, on Friday about 5 
o clock in the afternoon. Many houses were thrown down : and in various places 
the land, and even the hills, rent and sunk a considerable depth; at the same 
time water sprung up, and overflowed many parts of the country. 

X L. Of the same Earthquake in the East Indies ; and of two Eclipses of the Sun 
and Moon , observed at Calcutta. By the Rev. William Hirst , M. X., F.R.S. 
p. 25 6. 

This earthquake, which happened April 2, 1 761 , was very violent in the king- 
doms of Bengal, Aracan, and Pegu, but particularly at the metropolis of Aracan, 
where, according to the accounts of an English merchant residing there, the ef- 
fects have been as fatal as at Lisbon, and where it is thought the chief force of 
the earthquake vented itself. At Dacca, in this kingdom of Bengal, the conse- 
quences have been terrible ; the rise of the waters in the river was so very sudden 
and violent, that some hundreds of large country boats were driven ashore, or 
lost, and great numbers of lives lost in them. No less deplorable are the accounts 
from Chattigaon in this same kingdom. The same earthquake was also very 
alarming at Chirotty, where Colonel Coote with his Majesty’s troops are in can- 
tonment about 1 8 miles up the river from this place. The waters in the river 
and tanks there were Violently agitated, and in many places rose to more than 6 
feet perpendicular height. Nearly at the same time was this earthquake felt at 
Calcutta, where the agitation of the waters in the tanks rose upwards of 6 feet, 
and was in the direction north and south. A subsequent earthquake was felt at 
Calcutta the 13th of July followihg, at half past 2 in the afternoon. 

Observations of a solar eclipse made at Ghyrotty, about the latitude 22° 51' 
north, the watch adjusted to apparent time. 

Beginning of the lunar immersion. . . . 2 h 4() m 30* 

Greatest visible obscurity near 1 1 digits eclipsed 4 5 38 

End of the eclipse 5 12 20 

Total duration 2 22 50 

The next observation was^of the eclipse of the moon, which he made Nov. 2, 
1762, in conjunction with Mr. Hancock, at his house in Calcutta, who supplied 
him with some excellent astronomical instruments, particularly with a large land 
quadrant of 2 feet radius, made by Cole in Fleet-street, with which he took the 
correspondent altitudes of the sun to adjust his watch (which was furnished with 
a hand to distinguish seconds) to the apparent time. Mr. Hancock himself 
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marking the times while Mr. Hirst observed. The telescope he used was a re- 
flector made by Dollond, in perfect order, being sent out of England by the last 
ships, and about 22 inches in length. 

Observation of - the lunar eclipse Nov. 2, 1762, made at Calcutta in the king- 
dom of Bengal, latitude 22° n. 

By tbe watch. Apparent time. 

The beginning of the eclipse at . l h I5 m 10* .' l h 7 m 40* 

End of the eclipse 4 . 3 2 3 95 - 32 

Total duration 2 47 52 2 40 22 

Near 8 digits eclipsed by occular demonstration. 

XL I. x On the foregoing Earthquake . By Mr. Edward. Gulston, at Chittigong. 

p. 263. 

The violent earthquake which was felt here on April 2, 1762, at 5 in the after- 
noon, lasted the space of 4 minutes. The factory, a brick building, is totally 
spoiled, so as not to be safely habitable ; for thereabouts, and in many other 
places, the earth opened and the water gushed out prodigiously. At the time of 
the first shake, great explosions were heard like the noise of cannons, of which 
they counted 15. All tbe tanks overflowed their banks, fish were cast up, and 
the river rushed upon the shore like the surf of the sea. 

XLIl. Of the Earthquakes that have been felt in the Province of Islamabad , 
with the Damages attending them, from the 2d to the IQth of April, 1762. 
p. 265. 

The weather being very dose and warm for some days preceding, on the 2d of 
April, about 5 in the afternoon, they were alarmed by an earthquake, which be- 
ginning with a gentle emotion, increased to so violent a degree, for about 2 
minutes, that 4he trees, hills, and houses shook so severely, that it was with diffi- 
culty many could keep their feet. On the plains, by the rivers, and near the sea, 
it was chiefly felt with great severity. There is not a brick wall or house but is 
either greatly damaged or fallen. ' The ground opened in several places in the 
town, throwing up water of a very sulphureous smell ; and several ditches and 
tanks were filled up, which are now level dry land. The emotions were so com- 
plicated, that we could not well determine their direction, being sometimes from 
west to east, and again from east to west : and the tanks in some places over- 
flowed north and south. In Purgunnah Deang, Bursea Gong, the ground in 
several places opened 10 and 12 cubits wide; and in some parts so deep, that they 
could not fathom its bottom ; the water immediately overflowing the whole town, 
which is sunk about 7 cubits. Deep Gong, a village near the other, is also sunk, 
and now lies 7 cubits under water. From Patter Gottah to Howlah, about 8 cess 
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distance, the ground opened, and a great quantity of water was immediately 
thrown out, and in several places the ground entirely sunk. At Bans Burreah, 
Akul Poor, near the sea, the earth opened in 7 places like wells, throwing up the 
water 10 cubits high; the great Cutcherry there, with brick walls, is cracked and 
shivered to pieces. At Hulda Creek, near Sancharam Conguy’s house, 12 don 
of ground is entirely sunk ; and many others shared the same fate. 

At Bar Chara near' the sea, 5 or 6 cess of ground immediately sunk, and out 
of 4 or 5 hundred people, above 200 were lost, with all their cattle ; and the 
greatest part of the remaining inhabitants who ran into the woods have not yet 
been heard of. At Lafettee Sitcope Chuckla the ground in some places opened 
and threw up great quantities of salt water, and in others entirely sunk ; the 
ciiannels of several creeks and little valleys between the hills, were filled up with 
great quantities of sand ; in some parts the water still continues 20 cubits deep, 
and in others unfathomable. SiHulc creak, and Issamuttee river are both stopped 
up ; several boats kulen with goods then coming down are not now able to get out 
of them ; the country around there opened greatly in some places, and in others 
entirely sunk : and a great many tanks filled with sand. Bur Coller hill opened 
about 40 cubits wide. Cess Lung Joom hill, one of the Mug mountains, is en- 
tirely sunk. Chunggee bill opened between 20 and 30 cubits. Puddaoah creek, 
at that time without water, opened and threw up 2 hills of sand ; and all the 
houses in these parts were broken down. Joom Chater Pedea hill is sunk so low, 
that its top is now on a level with the plains. Rigerree hill, which was very large, 
opened 30 cubits wide. Joom Palang hill opened 25 cubits. By the accounts 
already come in there are 120 *dons of ground lost in different parts of the pro- 
vince ; but these it is feared will not be -j- part of the wliole damages, as fur- 
ther reports are coming in every hour. 

As they were informed that 2 volcanoes were opened, they were in great hopes 
these will prove a sufficient vent to discharge all the remaining sulphureous mat- 
ter in the bowels of these countries, and put a stop to any further earthquakes 
there ; at least for many years to come. * 


XLIll. On certain Infinite Series. By the late Rev. Thomas Bayes, F. R. S. 

p. 269. 

It has been asserted by some eminent mathematicians, that the sum of the 
logarithms of the numbers 1, 2, 3, 4, &c. to z, is equal to -j. log. c + (z ■+■ 4.) x 
log. z lessened by the series z- ^ ^ + ^7^5 + &c. if c de- 

note the circumference of a circle whose radius is unity. And it is true that this 
expression will approach very nearly to the value of that sum when z is large, 

* Oae »ye dco of gnxuMl it ljlSOcabitt lang sod 1600 cmbtt* bv@ad.-CMg. 
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and we take in only a proper number of the first terras of the foregoing series ; 
but the whole series can never properly express any quantity at all ; because after 
the 5th term the coefficients begin to increase, and they afterwards increase at a. 
greater rate than what can be compensated by the increase of the powers of z, 
though z represent a number ever so large ; as will be evident by considering the 
following manner in which the coefficients of that series may be formed. Take 
c = ; 5 £ = a 3 ; 7 c == 2 b a; Q d— 9 c a b 1 -, lle=2d a-\-2 c b; 13/ = 

2 ea + 2 db+ 15 g = 2/a + 2 eb-\-2 dc, and so on; then take A=a, b = 
34,c=3X3X4c; n = 2 X 3 X 4 X 5 x6d; 1 = 2 X 3 X4 X 0 X 6 X 7 X 8 e, 
and so on: thenx, b, c, d,e, f, &c. will he the coefficients of the foregoing series: 
whence it easily follows, that if any term in the series after the first 3 be called y, 
and its distance from the first term n, the next term immediately following will be 

greater than * — X Therefore at length the subsequent terms of 
this scries are greater than the preceding ones, and increase in infinitum, and 
therefore the whole series can have no ultimate value whatever. 

Much less can that series have any ultimate value, which is deduced from it 
by taking z= i, and is supposed to be equal to the logarithm of the square root 
of the periphery of a circle whose radius is unity ; and what is said concerning the 
foregoing series is true, and appears to be so, much in the same manner, concerning 
the series for finding the sum of the logarithms of the odd numbers 3, 5, 7, &c. 
. . z, and those that are given for finding the sum of the infinite progressions, in 
which the several terms have the same numerator, while their denominators are 
any certain power of numbers increasing in arithmetical proportion. But it is 
needless particularly to insist upon these, because one instance is sufficient to show 
that those methods are not to be depended on, from which a conclusion follows 
that is not exact. 

JLhlV. Of the Insect called the Vegetable Fly.* By William Watson , M. Z)., 

F.R.S. p. 271. 

The beginning of Oct. 1763, Or. W. received a letter from Dr. Huxham of 
Plymouth, ip which, among other things, he informed him that he lately had ob- 
tained a sight of what is called the vegetable fly, with the following description 
of it ; both of which he had from Mr. Newman, an officer of General Duroure’s 
regiment, who came from the island Dominica. As this description seemed to 
the doctor exceedingly curious, he sent it to Dr. W., exactly transcribed from Mr. 
Newman’s account, which is as follows. 

“ The vegetable fly is found in the island Dominica, and (excepting that it has 
no wings) resembles the drone both in size and colour more than any other En- 

• Fungi, not only of the genus Clavaria, but several others occasionally spring from the bodies of 
dead insects, the seed of such Fungi haying accidentally fallen on the insects. 
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glish insect. In the mouth of May it buries itself in the earth and begins to 
vegetate. By the latter end of July the tree is arrived at its full growth, and 
.resembles a coral branch ; and is about 3 inches high, and bears several little pods, 
which dropping off become worms, and from thence flies like the English cater- 
pillar.” An account of this extraordinary production similar to the above, was 
given to Dr. Huxham by Capt.Gascoign,who lately commanded the Dublin man 
of war, which had been at Dominica. The doctor subjoins, that possibly Dr. W. 
might' have heard of. this fly, or seen it in the collections of the British Mu- 
seum, or Royal Society ; but if it was in neither, he believed he could procure 
it to be sent to the Royal Society. 

Though Dr. H. could by no means think the above relation true in all its circum- 
stances, yet he was persuaded there was something of reality in it ; which perhaps 
further accounts and observations might set in a full and true light; though as 
above represented, it seemed quite repugnant to the usual order of nature. As 
Dr. W. had never seen this production himself, but had been informed that Dr. 
Hill had had the examination of some of them, he wrote to that gentleman to 
desire to be informed of the result of his inquiries. To which he veiy obligingly 
sent the following answer. 

“ When Colonel Melvil brought these flies from Guadaloupe, Lord Bute sent . 
me the box of them to examine. The result was this. There is in Martinique 
a fungus ^of the Clavaria kind, different in species from those hitherto known. It' 
produces soTsolesfrom its sides. I call it therefore Clavaria Sobolifera. It grows 
on putrid animal bodies, as our fungus ex pede equino from the dead horse’s hoof. 
The Cicada is common in Martinique, and in its nympha state, in which the old 
authors call it Tettigometra, it buries itself under dead leaves to ivait its change ; 
and when the season is unfavourable many perish. The seeds of the Clavaria 
find a proper bed on this dead insect, and grow. The Tettigometra is among the 
Cicadse in the British Museum : the Clavaria is just now known. This you may 
be assured is the fact, and all the fact : though the untaught inhabitants suppose 
a fly to vegetate ; and though there exists a Spanish drawing of the plant’s grow- 
ing into a tri-foliate tree : and it has been figured with the creature flying with 
this tree on its back. So wild are the imaginations of man: so chaste and uni- 
form is nature !” 

Commissioner Rogers, at Dr. Huxham’s desire, presented this extraordinary 
■ production to the Royal Society. A careful examination of it (says Dr. Wat- 
son) seems to confirm, to me at least, Dr. Hill’s opinion of the manner of 
- this phenomenon’s being produced. Mr. Edwards has taken notice of this extra- 
ordinary production in his Gleanings of Natural History, and has given us a figure 
of it in that elegant work. 
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There is in the British Museum among the Cicadae, one nearly resembling the 
animal part of this production, bat it came from the East Indies. There 
is likewise from the West Indies, in its perfect or winged state, the insect of which 
this production is believed to be the nympfra. See fig. 1, pi. l. 

XLV. An Attempt to explain a Punic Inscription , lately discovered in the Island 
of Malta. By the .Rev. John Swinton, B. D., F. R. S. p. 2/4. 

This inscription was sent from Rome to Mr, “Op cbp f0 TIT! 

S. by Signor Venuti. And- from the observa- -pH DIPT fi *732 npj 
tions made by Mr. S. it most evidently appears, jujra Btt rp Cj- 

that the annexed, arrangement of the words * 1 * 70 *0 p '*7p- 

forming this inscription may be considered as not very remote from truth. The 
Latin and English versions of which words may, as he conceives, be appositely 
enough drawn up in the following terms. 

Penetrale domvs secvli (sive domvs petpelvce) — sepvlchrvm deposili (hie) clari - 
(viri ) consvmmationibvs(i. e. omnino, plane, v el, arctimme) dormientis— intime 
diligens ( eum) commotvs ( est ) popvlvs qwm poneretvr.scil. in terra ( i . e. sepeliretvt) ' 
Hannibal Barmelec ( Barmilc Bormilc vel Bar me led ) JUivs. / 

The interior part of the house of long duration ( or long home i. e. the grave) 
— she sepulchre of an upright man deposited (here) in a most sound (or dead) 
sleep— The. people having a great affection for him were vastly concerned when 
Hannibal the son of Barmelec (Barmilc or Bormilc) was put into the earth or 
interred. 

It ought to be here remarked, that the word om terminates the second line, 
and begins the third ; as also that the proper name * 750 : 10 , Hannibal, by a simi- 
lar kind of bissection belongs both to the third and fourth lines. But this is by 
no means to be wondered at. The Greeks observed the same method of writing 
in their inscriptions, both of an earlier and a later date. From this inscription^ 
Mr. S. forms a Maltese-Punic alphabet of 17 characters, very different in shape 
from the ancient Phoenician or Samaritan. 

Who Hannibal the son of Barmelec, Barmelc, or Bormilc, was, or when he 
lived, Mr. S. cannot take upon him precisely to determine. We may however 
he thinks, rest assured that he died a considerable time (perhaps several centuries) 
after the Citiean inscriptions, or at least the earliest of them, first appeared. The 
forms of several of the letters, particularly of the Aleph, Ghimel, He, Heth, Caph, 
Ajin, Koph, Schin, and Thau, so considerably differing from those of the same 
elements in the earlier Phoenician times, seem, he thinks, to render this incon- 
testably clear. ' 

Mr. S. adds that the Punic and Phoenicia^ alphabets were originally the very 

VOL. xii. D 
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same, and doubtless continued so. Or nearly so, long after the foundation of Car- 
thage. And this is rendered highly probable by the letters preserved on many Cartha- 
ginian coins. To what then can we so properly ascribe the variations in them as 
to distance of time, since the letters so varied in the Carthaginian territories had 
•undoubtedly the same forms with those of the correspondent elements in the 
more ancient Phoenician alphabet, (used both there and at Tyre, Sidoq, Citium, 
&c.) several ages before ? In fine, the same characters at first prevailed both at 
Carthage and in Phoenicia; though these, or at least several of them, in after 
ages, assumed pretty different forms. So that the more any Punic or Phoeni- 
cian literary characters, in whatever country found, recede from those that 
formed the Samaritan or earliest Phoenician alphabet, the later they ought un- 
doubtedly to be deemed. 

After the Carthaginian provinces had been subdued by the Romans, the people 
still retained the use of their ancient proper names, and spoke the Punic tongue. 
Nay, we have good reason to believe, that the Phoenician or Punic language was 
spoken and understood in some of those provinces even to the days of St. Austin. 
With regard to the island of Malta in particular, which was so long subject to 
the Carthaginians, it may not be improper to remark, that the entire reduction 
of it seems scarcely to have been effected before the time of Julius Caesar by the 
Romans. For though the people of that island were obliged to submit to the 
Roman power after the destruction of Carthage ; yet they found means after- 
wards to assert their independency, and shake off the Roman yoke. But not- 
withstanding they had been rendered a formidable maritime power, by the ex- 
tensive commerce which they enjoyed, they were finally* subjugated by Caesar, 
though with no small difficulty, about 45 years before the birth of Christ. It 
may justly therefore be questioned whether the Latin tongue was ever much 
used in Malta before the death of that conqueror, or rather before the com- 
mencement of the Christian tera, which was but little posterior to it. Be that 
however as it may, that the use of the Punic language and the Punic proper 
names were retained in Malta, as an ancient part of the Carthaginian territories, 
at least 3 or 4 centuries after the last-mentioned period, if not much longer, 
from what has been here advanced, is abundantly clear. Nay, that the Punic 
tongue is even at this day the vernacular language of the lower part of the 
Maltese, though deformed by many corruptions, and disguised by the accession 
of various foreign words, after perusing what has been communicated on that 
head to the learned world by Canonko Agius, Mr. S. is strongly inclined to 
believe. 

* Appun. Alexandria, apud Borchard. Niderstod. in Malta Vet. et Nov. lib. ii. c. vl. p. 69 . 
tielmestadii, l66'0.— Orig. 
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Since therefore the ducts of several of the letters indicate this inscription to 
be of a later date, we cannot but suppose it to have been many years (perhaps 
several centuries) posterior to the conclusion of the first Punic war. And since 
Hannibal Ben Barmelec, or Bormilc, is mentioned therein as a person of consi- 
deration, whose death was greatly lamented by the people; perhaps he was either 
a popular senator of Malta, or one of the sufferers there, (the Punic form of 
government ndt improbably prevailing in that island, even when dependent on 
the Romans, as it did in other places that had been subject to the Carthaginian 
state) a century at least after Julius Oar had given the finishing stroke to the 
liberties of the Maltese. 

JCLFl, Algebraical and Geometrical Problems. By Edward Waring ,* M. A-> 

and Lucasian Professor of Mathematics , Cambridge, and F. R. S. From the 

Latin, p. 294. 

Prob. I. To find how many impossible roots has the given biquadratical equa- 
tion a 4 -J- qx* — rx + < 5= O. 

* Edward Waring, m. d., waa born near Shrewsbury, about the year 1736 j where also he died, 
Aug. 15, 179S, in the 63d year of bis age. He was the son of a wealthy fanner of the Old Heath, 
pyir that place, and where be received the early part of his education : whence he was removed to 
Cambridge, and was admitted in 1753 a member of Magdalen College. Here his talents for ab- 
struse calculations , soon distinguished him; so that at the time of taking his first or bachelor's de- 
gree, in 1757, he was considered as a prodigy in those sciences which make the subject of the exa- 
mination on such occasions, when he was distinguished as senior wrangler, or the first student of the 
year, John Jebb being the 2d on the list The Lucasian professorship of mathematics in the Uni- 
versify becoming vacant, by the death of Mr. John Colson, in 1759, before Mr. Waring wot of 
tii firient standing for the next or Master of Arts degree, which is a necessary qualification for that 
office, for which be was desirous to become a candidate ; this defect was supplied by a royal man- 
date, conferring that degree, and he was elected to the professorship in Jan. 1760. On this occa- 
sion feme remarkable circumstances occurred. Mr. W. before his election, gave a small specimen 
of his abilities, as a proof of his fitness for that office, by the publication of the first chapter of his 
Miscellanea Analytica. This specimen was attacked, and his election opposed, by Dr. Powell, of 
St. James’s College, partly from a principle of regular conformity to the academic rules, and partly 
to serve his friend Mr. Masse res (the. present cursitor baron of the exchequer) then a candidate also 
for the vacant professorship. This opposition produced several pamphlets between the two parties, 
by Dr. Powell and Mr. Masseres on the one part, and by Mr. Waring, assisted by his friend Mr. 
Wilson (afterwards one of the judges. Sir John Wilson) on the other part ; which however ended in 
the success and election of the latter. 

In 1762 Mr. W. published complete bis Miscellanea Analytica, one of the most abstruse books, 
written on the abstrasest parts of algebra ; which at least had the effect of extending the author's 
fsrrw for ing enuity, though it might not otherwise be of any real use. Mathematics however did 
not engross the whole of his attention. He could allow some part of his time to the study of medi- 
cine ; and in 1767 he was admitted to the degree of m.d., though he never after practised as a phy- 
sician. Mathematics again engaged his chief attention, whence he successively produced a number 
of pieces, of the same abstruse kind as the former; several of which were inserted in different vols. 

D 2 
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ISt, If 256s 8 — 128 9V + (144^+ 1 6 q 4 ) X # — <11 r* — 4r*q* be a 
negative quantity ; then the equation has two, and not more impossible roots. 

2d, If that quantity be affirmative, and either —9 or q*— 4 s be a negative quails 
tity; then the given equation will have 4' impossible roots. 

3d, If it be equal to nothing, and either — q or q 9 — 4s be a negative quan- 
tity ; then the two unequal roots of the given equation will be impossible. 

Pkob. II. To find how many impossible roots are in the given equation x* -f 
9a 8 — rr* -f- sx — (erO. 

1st. If the signs of the terms of the equation to 10 -f 1 Oqw 9 + (399® -f 10s) x 
tv* -f (809 s + 509s + 25 r 2 ) X vP + (Q5q 4 + 1249 2 s — Q5s* + Q2qr 9 + 200r<) 
Xtt‘+ (669 s — 3609s 1 + 19 6q 3 s + 1 I89V 4- 260r J s + 625** + 400qri) X 
to* + (259° + 40s 3 — 53 r* + 529V— 5229V + lQ 4 q 4 s + 708 qr 9 s -f 240 q'rt 
+ 1750 qi 1 — Q 50 srl) X w* + (49* + 1069*5 — 80 9s 8 — 308 9V — 1029;-* “ 
79V + 570/V + 6129VS + 700 r 9 t — 375<Vs -f 2500 t 1 q 1 + 80 rtq 3 — 215a 
grst) X w 8 + (400s — 36O9V — 159V -f- 24 q°s —89V 8 — 459V — 270 i*s + 
140r 2 s9 3 + 96O/V9 + 1S75IV + 1 OOO/rs* — 500Qf 9s + 1 7501*9* -f- 40//9 4 -f 
600tr*q — l650<rs9*) + w 1 + (3 69 V — 2249V + 320 qs* + 4 q*r 4 + 27 r 8 — 
«40rV -f 434 r 9 q 9 s 9 — 24 r 9 sq 4 — \Q 8 r*qs -f 5000<V — 45CHr 8 s — 62bOl 3 r -f. 
675lV — 3750 fq 9 s + 3000 t 9 r 9 q + 6o<rV + 200Os*9 — 330 lrq 3 s) X tv + 
3125t 4 — 3 J 5 Qqrt? (2000s*9 "j* 2250r*s — 9OO59 8 "I" 82 9 f^q 9 -j- IO89*) X t 9 

— (l600s s r — 560 rq 9 s* — l6r®9 8 -f 630r*qs + 72 rsq* — 108 r‘) X t -f 256s 4 

— 1289V + \4,4r*qs 3 + 169V — 27 rV — 4r 9 q a s 9 = 0, be continually changed 
from + to — , and from — to + ; the given equation has no impossible roots. 

2d. If the signs of the terms of the equation be not continually changed from' 
+ to — and — to + ; then 2 or 4 of the roots of the given equation will be 
impossible, according as the last term of it is negative or affirmative. 

of tbe Phil. Trans., and others he published in separate works : as* theMeditationes Algebraic#, ia 
1770; the Proprietates Algebraicarura Curvaruro, in 177 2; and the Meditationes Analytic#, in 
1776*. To these Inight be added a work written in his retirement, on morals and metaphysics • of 
which a few copies only were printed, and presented to his friends. For his various ingenious pa- 
pers in the Phil. Trans., Dr. W. was, in 1 7 8+, deservedly honoured by the k. s. with their gold 
medal. And most of these essays give strong proofs of the powers of his mind, both in abstract 
science, and its application to philosophy : though they labour, in coifimon with his other works 
under the disadvantage of being conveyed in a very unattractive form. As to tbe contents of the 
separate volumes above mentioned, a very full analysis of them may be seen in Dr. Hutton’s Dic- 
tionary, vol. 2, p. 7 1 7 > as communicated by Dr. W. himself. In his disposition and character Dr. 
W. is represented as of inflexible integrity, great modesty, plainness, and simplicity of manners • of 
a meekness and diffidence of manner to such a degree, as lo be always embarrassed before strangers. 
His extreme short-sightedness too, joined to the natural want of order and method in his mind 
which appeared remarkably even in his hand-writing, rendered his mathematical compositions so 
confused and embarrassed, that in manuscript they were often utterly inexplicable : a circumstance 
which may account for the numerous typographical errors in his publications. 
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3d'. If the last term of it be equal to nothing, and the signs of the terms of the 
equation be not cpntinually changed from + to — and — to + ; then either 4 
Or 2 roots of the given equation will be impossible, according as 2, and not more 
of the last terms of the given equation are equal to nothing, or the contrary. 

Prob. III. Let x, y, v, be the abscissa, ordinate, and area of a given curve; 
and Jet y* -J- (a. + bx) X y”~' + (c + dx -f- ex 1 ) x y" - * + (y+ gx + Ax 3 + ka?) 
X y 5 + &c. = O : to find whether the area *(v) can be squared or not. 

Suppose the equation to the area to bev* + ( A + bx + cx 3 ) v*~‘ -J- (d + ex 
4* V* 2 + GX 3 + HX 4 ) . X t'" - * + (t + KX + LX 3 + MX* -J- N® 4 + OX* + 
v*~* &c. = 0: consequently it will be nyv"~' + (n — 1) X (a + B® + cx*) yv n ~* 
4- (n— 2) X (d + b® + px* + ox* + hx 4 B ■+■ 2cx) u"~' + (e + 2P® + 3gx* 
+ 4H® 3 ) X yv”-* + &c. > _ 

Xv &c. i 

If from these equations, by the known methods, v be exterminated, there 
will result an equation expressing the relation between x and y. Then the co- 
efficients of this equation must be equal to the coefficients of the given equation 
y + (o + bx) y + (c + d® . + er*)y - * -f &c. = 0; and if the quantities 
a, b, c, &c. can be hence determined, the curve is quadrable, for it is w* + (a + 
bx + cx*) X v" “ 1 + (d+e® + fx 9 + gx 3 + hx 4 ) X v" ~ * -f &c. s= 0;. 
otherwise, it is not quadrable. 

Exam . Let the given equation bey 3 + x 3 — l *= 0 , and suppose the equation 
to the area be y 3 + d + ar + px* + gx 3 + hx 4 = 0 ; then will 2vy 4 * e 4 - 2 p 
® + 3g x 3 4 * ^hx 3 — 0; hence reducing these two equations into one, to ex- 
terminate v, and there results the equation y 1 4- 

16 h** 8 + 24hg** + (i6ht + 90*) x* 4- (8eh + igre) + (6og + 4 f*) + 4fej + e » ^ 

4 x (hi< + G ** + TP + EX + d) — O. 

■n . ^ r i6h‘** + 24HGX« + (j6hp + 9g*) X 4 + (8eh + 12fq) *» + (fog + 

But the fraction 4 x (hx 4 + gP + rx« + ex + D ) ^ 

t£2 x 1 4- *rju -» _e 3 ought to be a 3 — 1 ; and consequently 

4h = i6h 3 
4g '= 24HG 

4p — 4h = i6hp -f 9 g* 

4b — 4g =. 8hb + 12pg 
4d — 4p = 6ge 4- 4p 3 

— 4e = 4pr 

— 4D = E 3 

But, by the method of finding common divisors, it appears that these equa- 
tions are contradictory to each other; and consequently the curve is not gene- 
rally quadrable. * 

Theorem. Let x, y, v, be the abscissas and ordinates of the curves abcdefg 
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m &c. and A^yJe &c. fig. 2, pi. 1, and let y r= p*?, and v = ^/>a *~ 1 j* — 

w X (n — 1) X_(« — 2) H — 3 . , « X (n - 1) X (« - 2) X (» - 3) X (n — 4) »_5 

30x2x3 42x2x3x*x5 P® 

a * x (* — I) X (* — 2) X (• — 3) x (* — 4) X (* — 3) x (» — 6) s — 7 , 

4 30x2x3x4x5x6x7 ” a X ' 

So X (i» — 1) X (» — 2) X (n -> 3) X (» — 4) x (b — 5) X (* — 6) K ft* — 7) X 0» — 81 
“ 66 x 2 x 3x’4x5xdx7x8x9 ' 

^ v» - 9 ®9> X n x ( n-1) x (»— 2) x (» - 3) x (n -4) x (»-5) x (n—6) x (n-T) 

P" * — — — — 2730 X 2 X 3 X 4 X 5 X 6 X 7 X 8 X 9 X K) X II 

(» — 8) x p a n ~ ll * n -f &c. the last term of which ought to 

be x * ” 1 or x* ~ 2 , according as « is an even or an odd number. 

Let x = ap = a, bisect ap in t, and draw the lines etJ; and if ab, bm, am, 
be joined; then will the triangle aem be equal to the area tpiJt. 

Again, bisect tt, at in it and v, and draw kg, cvy ; and joining ac, ce, eg, 
gm; then will the two triangles ace + egm = the area vt $yv. 

' In like manner, if the parts av, vt, tr, bp, be again bisected in w, u, s, a, 
and there be drawn the lines bw(3, ud, sp, oh; and joining ab, bc, cb, de, ep, 
p«, gh, hm; then will the 4 triangles abc -f cdb + epg + ghm be = the area 
wvy| 3 w. And so on. 

Cor. 1 . If the curve be abc, and cm be a conic parabola, or y = ph?; then will 
t; =s 4. pax, and AZyS &c. will be a right line ; and the proportion is the same 
with the known proposition of the quadrature of the parabola. 

Cor. 2. Ify = jE/jc 8 ; it will be v = \pax, and KiyS 8cc. again a right line. 

Cor. 3. Given a curve, whose equation isy = psd*, there can be found an- 
other curve, whose dimensions are 2n — 1, in which the sum of the triangles, at 
every bisection, will be respectively equal to the sum of the triangles of the 
given curve. 

To these may be added, that if, instead of bisecting the abscissa ap, it be 
divided into unequal parts in any other ratio; the sums of the triangles of the 
curve abcd &c. will be equal to each of the divisions of the segments of the 
curve A@yS. 

XCV1I. Second Paper concerning the Parallax of the Sun determined from the 
Observations of the late Transit of Venus ; in which this Subject is treated of 
more at Length, and the Quantity of the Parallax more fully ascertained. By 
James Short, M. A., F. R. S. p. 300 . 

In the last volume of the Memoirs of the Royal Academy at Paris, for the 
year 1 761, there is a memoir by M. Pingrd, who went to the island of Rodrigues, 
and observed the transit of Venus there; in this memoir M. Pingrl endeavours 


Digitized by 


Google 


TOt. LIU.] PHILOSOPHICAL TRANSACTIONS. 23 

to determine the parallax of the sun, by the observation of the late transit of 
Venus, to be = 10', by the observed durations, as well as the least distance of the 
centres* and by the internal contact at the egress; and seems to think that there 
must be some mistake in the observation of Mr. Mason at the Cape of Good 
Hope, particularly with regard, to the difference of longitude between Mr. Ma- 
son's observatory and Paris, because by comparing the observation of Mr. Mason 
at the Cape with the European observations, he finds the parallax of the sun, 
thence resulting, to be between 8* and Q", consequently differing from the de- 
termination by the observation at Rodrigues when compared with the same 
places. Mr. S. therefore in this paper endeavours to prove, beyond all doubt, 
by a comparison of the observations on this side of the equinoctial line alone, 
that the sun’s parallax is between 8' and Q\ and that this determination is the 
same, or very nearly the same, as when the observation at the Cape is compared 
with the same places. He also endeavours to prove, that there is a mistake of 
one minute in time in writing down the time of the internal contact at the egress 
at Rodrigues, and that this being corrected, the results of the sun's parallax, by 
a comparison of the observation at Rodrigues with the observations at the several 
places on this side of the line, is the same with that which results from all the 
rest; and this agreement is also an argument that there must have been such a 
mistake in setting down the time of the internal contact at the egress at Ro- 
drigues. Mr. S. also shows that the parallax of the sun, determined from the 
dbserved durations, and from the least distance of the centres, is very nearly 
the same as that which is determined from the internal contact at the egress, 
though these last determinations cannot be so much depended on, because of the 
minute elements from which they are drawn. 

He proceeds to compare the 

observations of theinteraal con- T< ’ bt ^ and B^ g ^'; f 4,7" IgZ 

tact made on this side of the line Calcutta 1 20 38 e.. 

only, and thence determines the tfrjaaeb urg ............... $ *2 12 w. 

sun’s parallax. To do this, it is Cap® of Good Hope 3 19 32 w. 

necessary that the differences of *. ! ! *. *. I ! ! ! *. . ! ! ! *. 3 £ 35 w! 

longitude between the places of . Grand Mount 0 4 6 26' e. 

observation, compared together, .'! ! ll.; i ! *. ! ! *. I.* t ll 55 w.’ 

be well ascertained; and in doing Leskeard 4 31 39 w. 

this, in all places where the in- t* a . dra ® v ® * 7 a E - 

gress was Observed, he has been Rodrigues 0 20 25 w. 

much obliged to a very ingeni- Rome 3 43 n w. 

ous method, proposed by M. 

Pingr£ in his aforesaid memoir, ' Savile-house, 

to which Mr. S. refers, and for 

a 


Dig - zed by 


24 


PHILOSOPHICAL TRANSACTIONS. 


£ ANNO 1763. 


the longitudes of other places he 
has consulted the Phil. Trans, 
-and theConnoisance des Temps. 
These differences of longitude 
are as annexed. 


Tobolsk and Savile-house,* London. 

Stokolm 

Tornea 

Tranquebar 

Upsal 


4* 33 m 37* w. 
3 20 41 w. 

2 56 7 w. 

o 4fi 9 X. 

3 22 40 w„ 


Mr. S. has .deviated from the above-mentioned method of M. PingrS in 
settling the longitude of Stokolm, by the ingress, because it appears clear to 
him that there must have been a mistake in the observation of the internal con- 


tact at the ingress at Stokolm, owing, as mentioned, in his former paper, to the 
small altitude of the sun at the time of the ingress: for by comparing the times 
of ingress and egress observed at Stokolm and Upsal, we find that the difference 
of longitude between these two places is l m 39*, and l m 59*, and as we are sure 
that the observation at the egress gives the difference of longitude the most cer- 
tain in this case, therefore it follows that the error was at the ingress, and it is 
easy to prove that the error is in the observation at Stokolm. 

To avoid all uncertainty, and to be as clear and distinct as possible, he sets 
down, in the following table, the observation at the egress at each place com- 
pared, the difference of longitude between each place compared, the effect of the 
parallaxes resulting from the comparison, and also the effect of the parallaxes com- 
puted on a supposition that the sun’s |>arallax is = 8^5, in order that if there is 
any mistake it may the more easily be discovered. He compares Cajaneburg with 
18 places, Bologna with 17 places, and Tobolsk with 18 places. He has explained 
the manner of these in his former paper on this subject, to which he refers. He 
then sets down the result from each comparison in the following order, that they 
may be the more easily seen. 


Sun’s parallax. 

Sun’s parallax. 

Sun’s parallax. 

Cajan. and Stokolm . . 8."50 

Bolog. and Stokolm . . 8. "6 5 

Tobolsk and Stokolm 8 /'SO 

Upsal .... 8.50 

Upsal 8.35 

Upsal 8.80 

Abo 7*33 

Abo 8.71 

Abo 8.40 

Cal mar . . . 8.64 

Cal mar ... JB.3- 1 

Calmar... 8.82 

Hernosand 9.27 

Hernosand ‘ 8.3 6 

Hernosand 9.02 

Tobolsk.. 9-06 

Tobolsk . . 8.58 

Gottingen 10.57 

Gottingen . 9- 25 

Gottingen . 7*80 

Greenwich 9 11 

Greenwich 9.09 

Greenwich 7.77 

Savile-hoqse8.66 

Savile-house 8.50 

Savile-house 8.30 

Leskeard ..8.34 

Leskeard. . 8.06 

Leskeard . 9*71 

Paris 8.60 „ 

Paris 8.43 

Paris 8.50 

Florence . . . 7*99 

Bologna . . 8.44 

Calcutta . . 8.28 

Bologna . . . 8.58 

Rome.... 8.14 

G. Mount . 9.87 

Rome .... 8.34 

Florence.. 7.^8 

Tranquebar 8.86 

Calcutta . • 9.64 

Calcutta . . 10.34 

Madras . . 5.76 

G. Mount 8.34 

G. Mount . 8.07 

Cajaneburg 8.44 

Tranquebar 8.55 

Tranquebar 8.36 

Tornea • . . 8.23 

Madras . . 9.54 

Madras . . 9.7 1 


Cajaneburg 9.07 

* The latitude of Savile-house, 

London, is = 51° 3(7 50 "h. 

The latitude of Florence is = 43 # 


4 6' 30 ' n. and that of Gottingen = 51° 31' 54" n. The latitudes of tbe rest of the places are set 
down in Mr. Short's former paper on this subject, only that of Tranqnebar should be = 11° 30' 0". 


w-Orig. 
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The mean of these 53 comparisons gives the sun’s parallax = 8*.6l. Reject- 
ing all those results which differ more than one second from the mean of the 
whole, the mean of the remaining 45 results gives the Run’s parallax = 8 *.55, 
Rejecting all those results which differ more than half a second from the mean 
of the whole, the mean of the remaining 37 results gives the sun’s parallax ss 
8'.57* And the mean of these three means gives the sun’s parallax =: 8".58. 

He next compares the observations of the internal contact at the egress made 
at Paris, Greenwich, Savile-house, Bologna, Madras, Grand Mount, and Tran- 
quebar, with those made at Stokolm, Upsal, Tomea, Caj&neburg, Tobolsk, 
Abo, Calma^ Hemosand, and Calcutta. The results are as in the following 
table. 

Stok. Upsal. Torn. Cajan. Tobo. Abo. Calm. Hern. CaJcn. Sun's mean 


* par, 

Paris 8\70 * 8".60 7".92 8" 43 8".6o JT.03 8".63 8".42 7".83 8". 6 

Greenwich 9-66 9 - 6 1 8.42 9-09 9-11 10.04 10 . 16 9-20 8.62 9.32 

Savile-house 8.30 8 30 7 75 8.30 8 .66 9-04 8.50 8.16 7.54 8.36 

Bologna ; 8.63 8 35 8.23 8.44 8.58 8.71 8.31 8.3 6 8.28 8.43 

Madras 10.33 10.15 8.90 9-71 9-54 10.48 10.80 9 77 9 32 9.89 

Grand Mount 8.0 7 7 77 7.35 8.07 8.34 8.31 7.50 7 52 6.96 7.7 6 

Tranquehar 8.50 8.23 7.68 8.3 6 8.55 8 .67 8-12 7 96 7a7 8.17 


Sun’a par. mean .. 8.91 8 .75 8.03 8.66 8.77 9*13 8.86 8.48 8.00 8.63 


The mean of these 63 results gives the sun’s parallax = 8 f .63 ; and if we re- 
ject all those which differ more than one second from the mean of the whole, 
the mean. of the remaining 4Q results gives the sun’s parallax = 8".50. And if 
we reject all those which differ more than half a second from the mean of this 
whole, the mean of the remaining 37 results gives the sun’s parallax = 8".535: 
the mean therefore of these three means gives the sun’s parallax = 8 *.5 5. 

Thus by the mean of 53 comparisons the sun’s parallax is determined to be ss: 
8*.58, and by the mean of 63 comparisons it is determined to be = 8".55. The 
mean of these two’ means gives 8'. 5 65 for the parallax of the sun on the day of 
the transit. It may be objected, that this determination cannot be depended on 
to a very great precision, because the greatest difference of the effect of the pa- 
rallaxes in any of these comparisons does not exceed 3' 31": consequently that 
this is too small a base, from which we can expect any great exactness in the de- . 
termination of the sun’s parallax. But if we consider the great number of com- 
parisons (no less than 1 1 6 ), the certainty of the differences of longitude of most 
of the places of observation, and the small differences in the results themselves, 
Mr. S. thinks that the force of this objection is in some measure removed; and 
that this determination of the sun’s parallax, by the observations at places on 
this side of the line only, must be very near the truth. 

In order therefore to remove the force of this objection entirely, let us next 
consider the observation at the Cape of Good Hope, by which we shall have a 

VOL. XII. ‘ E 
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base very near 3 times greater than the former, and also the observation at Ro- 
drigues, by which the base is nearly double of the former. But first he takes 
notice, that in the Memoir by M. Pingrl, before mentioned, the time of the 
internal contact at the egress at Rodrigues is set down at 0* 3 6 m 4Q*. But in the 
same volume there is an account of M. Pingr6’s observation sent to the Royal ' 
Academy before his arrival in Europe, and the time of the internal contact is 
therein set down at O* 34" 1 47*. Also in a letter from him to the Royal Society, 
on his arrival in Europe at Lisbon, and dated the 6th of March, 1762, and 
which letter is printed in the Phil. Trans., vol. lii, the time of the internal con- 
tact is therein set down at O h 34 m AT true time. In another letter.from him at 
Lisbon to the Royal Society, dated 14th of March 1762, the time of the inter- % 
nal contact is again set down at O h 34 m 47* true time, and he ends this letter in 
these words, * Notez que 1’attouchement interne des bords s’est faite & O h 34“* 
47*. Je fais cette remarque, parceque, vh la proximite de prononciation, qui 
dans notre langue est entre 30 et 40, cette attouchement se trouvoit marqud ] o* 
plutot qu’il ne devoit l’6tre, dans une copie que j’ai faite pour mon usage: cette 
erreur aura peut etre passe dans quelque autre copie. Mais, selon l’original, il 
faut absolument lire O ' 1 34 m AT' M. Pingn6 has no where, in the said memoir, 
given any reason for this alteration of the time of the contact. If the inter- 
nal contact at the egress at Rodrigues happened at O h 34 m 47'; and if this is 
compared with the same observation at Tobolsk, the parallax of the sun comes 
out = 7*.36. If the time of the contact at Rodrigues was at O h 35 m 47', and if 
this is compared with the same observation at Tobolsk, then the parallax of the 
sun is found = 8". 62. Again if the time of the contact at Rodrigues was at 
O h 36 m 49% and if this is compared with the observation at Tobolsk, the paral- 
lax of the sun will be found = Q".Q3. But to return. 

M. Pingr£, in his letter to the. Royal Society, dated at Lisbon March 14, 
1762, sets down the time of the internal contact at the egress at O h 34 m AT true 
time: and with regard to the time of the external contact expresses himself thus: 

^ O h 53 m 18* le soleil a paru pendant 3 ou 4 secondes. Je n’ai pas vu le disque 
du soleil bien forme, il me paroissoit un peu altere au lieu de la sortie de Venus. 
M. Thuillier ne voyoit rien avec la lunette de 9 pieds. J'ai de la peine it me 
persuader que Venus soit sortie plutot.’ It is plain from these words that M. 
Pingre believed that the external contact did not happen before O h 53 m 18*. This 
bang allowed, let us compute the duration of the egress at Rodrigues, which we 
shall find = I7 m 55 s . It follows therefore that the internal contact happened at 
O h 35 m 23 s . But this supposes that the observer could see the very last contact 
of Venus with the sun’s limb, the contrary of which Mr. S. has shown in a for- 
mer paper on this subject. We are therefore certain that the external contact 
h|ppened later than O* 1 53 m 18’, by several seconds, consequently the internal 
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contact happened later than O h 35 m 23*, by several seconds. On Che whole 
therefore, we may safely conclude that there is a mistake of one minute in set- 
ting down the time of the internal contact at the egress at Rodrigues, and that 
instead of O h 34 m 47*, it should be O * 1 35 m 47*. This sort of mistake has hap- 
pened several times in the observations of this transit, but they are easily dis- 
covered. 

Mr. S. now proceeds to compare the observation of the internal contact at the 
Cape, with the observation of the same contact at Rodrigues, and at 20 places to 
the north of the line; and also the observation at Rodrigues with the same 20 
places; and the results Of the sun's parallax from these several comparisons are 
as follow : 


Sun's parallax. 

Cape of Good Hope and Rodrigues 8".54 

Sun's parallax. 

Rodrigues and Cape of Good Hope . . 

8".54 

Pans 

8.55 

Paris 

8.58 

Bologna 

8.54 

Bologna 

8.54 

Rome 

8.74 

Rome 

8.94 r 
9.24r 

; Florence 

8.9 lr 

Florence 

Gottingen 

8.40 

Gottingen 

8.30 r 

Greenwich 

8.40 

Greenwich 

8.33 r 

Savile-house 

8.57 

Savile-house 

8.59 

Leskeard 

8.69 

Leskeard 

8.81 r 

Cal mar 

8.55 

Cal mar f T _ 

8.50 

Her nosand 

8.51 

Heraosand 

8.50 

Upsal 

8.57 

Upsal r 

8.58 

Stokolm 

8.58 

Stokolm 

8.58 

Abo 

8.63 

Abo .. TfTt 

8.58 

Cajaneburg 

8 .56 

Cajaneburg 

8.57 

Tomes 

8.41 

Tornea 

8.33r 

Tobolsk 

8.54 

Tobolsk 

8.52 

Calcutta 

8.43 

Calcutta 

8.37 

Madras 

8.28 r 

Madras t .. 

8.03 r 

8.85 r 

G. Mount 

8.70 

G. Mount 

Tranquebar 

8.60 

Tranquebar 

8.74 


The mean of the 21 comparisons with the observation at the Cape, gives the 
sun’s parallax = 8'.56. There are only 2 of these 21 comparisons, marked with 
the letter r, which differ more than -,V of a second from the mean of the whole ; 
let. these be rejected, and the mean of the remaining 1 9 results gives the sun’s 
parallax = 8'.56. 

If we select out of these 21 comparisons those places whose difference of lon- 
gitude may be supposed to be the best determined, the mean of these may be 
regarded as the most exact determination, viz. Paris, Bologna, Greenwich, Sa- 
vile-house, Upsal, Stokolm, Cajaneburg and Tobolsk; the mean of these gives 
the sun’s parallax = 8'.55; and if we leave out the results of Greenwich and 
Tobolsk, which differ the most from the rest, the mean of the remaining 6 re- 
sults gives it = 8*. 56, the same as before. 

The mean of the 21 comparisons with the observation at Rodrigues gives the 

b 2 



-igitize- by 


Co 


08 


PHILOSOPHICAL TRANSACTIONS. 


[anno 1763. 

sun’s parallax = 8". 57 ; and if we reject 8 of them, which are marked with the 
letter r, and which differ more than T \- of a second from the mean of the whole, 
the mean of the remaining 1 3 results gives the sun’s parallax 8 f .57, differing only 
one hundredth part of a second from that which was determined from the obser- 
vation at the Cape, and agreeing in a most surprizing manner with what was 
formerly determined by the comparisons of the observations at places on this side 
of the line only, where the base was so small, as before said; a most convincing 
proof of the great precision with which the parallax of the sun is determined by 
the late transit of Venus. 

We shall now inquire into the limits of the error that may attend the determi- 
nation of the parallax by the observation of the internal contact. An error of 
l m 10* of time iu the observation at Tobolsk, when compared with the 
observation at the Cape, will produce an error of \" in the sun’s parallax : and if 
we suppose an error of 35* of time in the observation at Tobolsk, and an error 
of the same quantity in the observation at the Cape, and both in contrary direc- 
tions, this also will produce an error of only 1 " in the sun’s parallax. If there- 
fore no greater error could be committed in the observations at Tobolsk and the 
Cape, we are certain that the comparison of Tobolsk and the Cape gives the 
sun’s parallax so exact, that the error does not exceed one second from the true 
parallax. But this is too great an error to be supposed in the observations, be- 
cause Mr. S. has shown, in the former paper, that an error of only 6* in time 
was committed in the observation of the contact by persons observing even in 
the same place; therefore if we suppose an error of 6’ of time in the observation, 
at Tobolsk, and an error of the same quantity in the observation at the Cape, 
and both in contrary directions, the error produced in the parallax by those 12% 
will amount only to of a second, even though we had only these two observa- 
tions to determine the sun’s parallax: but since we have a great number of very 
good observations, made at other places, it follows that the mean of all these 
must give the sun’s parallax to a less error than \ of a second, and consequently 
very near the truth. 

In all places where the internal contact at the egress was observed, and where 
there were more observers than one, we find a difference in the time of each ob- 
server; the observation at Greenwich is an exception to this, as the 3 observers 
all agree to the same second, in the observation of the contact of Venus with the 
sun’s limb; which is the more surprizing as they used telescopes of different 
constructions and of different magnifying powers. This coincidence, not only, 
surprized Mr. S., but also the Rev. Mr. Hornsby, now Savilian professor of as- 
tronomy at Oxford. Mr. Hornsby went to Greenwich in the beginning of the 
year 1762 , and on his return told Mr. S. that his surprize was at an end, for 
he had been informed at Greenwich, that Mr. Green, the assistant observer 
there, as soon as he judged that the internal contact was formed, called out new* 
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This must certainly have caused some disturbance to the other observers, and 
might possibly influence their judgment: and the fact it seems was, that each 
observer had a second watch in his hand, and they instantly stopped their 
watches, each having his haqd at his watch ready to stop. This problem there- 
fore is easily solved, and the surprize at the coincidence entirely vanishes; so that 
this observation can be looked on as no more than the observation of one person, 
and he too not much practised in observing. It is proper further to observe, 
that another person was present at this observation, who confirmed the above 
account. 

The very near coincidence of the three observers at Greenwich, in the time of 
the external contact, remains now to be accounted for. Mr. Green did not call 
out at this time, because he was forbid by Dr. Bradley, who was present, though 
not in a condition to observe because of his bad state of health. This problem 
therefore may be solved in the following manner. The observation of the ex- 
ternal contact was undoubtedly more uncertain than the former, and yet we find 
two of the observers agreeing to the same second, and the third differing only 
one second from them. If we attend to the following circumstances, we shall 
be immediately satisfied by them. Each observer had a. second-watch in his 
hand; the 3 observers were at the same window of the same room, one of them 
on the leads immediately without the window, and the other two within the win- 
dow; therefore each observer was within hearing and seeing of each other ; con- 
sequently the instant one of the observers stopped his watch, may it not be pre- 
sumed that the noise of the nicking of it might be heard by the rest ? especially 
as there was a profound silence during the time of the observation. Mr. S. has 
thought proper to take notice of these facts, because several persons both at 
home and abroad have expressed their surprize at this coincidence, and that such 
an .exactness may not be established as a precedent in these sorts of observations; 
and because he thought it essentially necessary, in all sorts of observations, espe- 
cially in one of so much importance in astronomy as this, that every the minutest 
circumstance should be particularly related. 

We are now to find the limits of the error arising from the difference of longi- 
tude between Tobolsk and the Cape. Mr. S. found that an error of l m 10* in 
time, in the difference of longitude between these two places, will cause an error 
of 1" in the sun’s parallax. But as we are certain that this error in longitude does 
not take place; therefore we are certain that the error in the parallax is within 
one second of the truth. The difference of longitude between the Cape of Goocf 
Hope and Paris is determined, both by the observations of M. de la Caille and 
Mr, Mason; the difference of longitude between Paris and Upsal in Sweden i 3 
settled by the observations of Jupiter’s first satellite, and the difference of longi- 
tude between Upsal and Tobolsk is settled, by the observations of the contact at 
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the ingress at both places, by the method of M. Pingri above mentioned. There- 
fore the difference of longitude between the Cape and Tobolsk is very exactly 
settled, so exactly, that Mr. S. was persuaded that the error does not amount to 
5 or 6 seconds. Therefore the error in the parallax arising from the error of the 
difference of longitude is extremely small, scarcely amounting to -rV part of a 
second. Therefore we are certain that the error in the sun’s parallax, arising 
both from the error of observation and the error of longitude, does not exceed 4 
of a second in the comparison of the observations of the internal contact at To- 
bolsk and at the Cape, even though we had no more observations to determine 
the sun’s parallax ; but the mean of a great many more must bring it very near 
the truth. 

Mr. S. now proceeds to determine the parallax of the sun from the total du- 
rations observed at different places. If therefore we compare the durations ob- 
served at Tobolsk, Cajaneburg, Abo, and Tomea, with the durations observed at 
Madras, Grand Mount, and Tranquebar, which give the greatest differences, the 
results of the sun’s parallax will be as follow. 


Sun's Par. Dif. of du. 

Sun's Par. 

Dif. of do. 

Tobolsk and Madras".. = 9 v .6l 

2 m 

50* 

Abo and Madras — 10\66r. 

1“ 

34* 

G. Mount = 8.33 

2 

27 

G. Mount = 8.33 

1 

11 

Tranquebar = 8.512 

2 

40 

Tranquebar = 8.60 

1 

24 

Cajaneburg and Madras = lO.O^r. 

1 

49 

Tomea and Madras .... = 9.20 

1 

34 

G. Mount = 8.00 

1 

26 

G. Mount =s 7.00r. 

1 

11 

Tranquebar = 8.33 

1 

39 

Tranquebar = 7.50r. 

1 

£4 


The mean of these 12 results gives the sun’s parallax = 8^.68 ; and if we reject 
4 of them, which are marked with the letter r, and which differ the most from 
the rest, the mean of the remaining 8 gives the sun’s parallax = 8 # .6l . This de- 
termination of the sun’s, parallax cannot be depended on to any great precision, 
because of the small differences between the durations compared, the greatest of 
which amounts only to 2 m 50*, and also because of the small number of compa- 
risons. It serves only to show nearly what is the quantity of the sun’s parallax. 

We are now to determine the limits of the error in the determination of the 
sun’s parallax by the durations observed at two different places. The greatest 
difference of duration is between Tobolsk and Madras, which amounts only to 
2 «“ SO*. If therefore an error of 20* in time is committed in the observations of 
the ingress and egress, at both the places compared, this error of 20* in time will 
cause an error of 1* in the result of the sun’s parallax ; and in the comparisons 
of these plaoes where the difference of duration is less, will occasion a greater 
error and therefore the determination of the parallax, by this method, cannot be 
depended on to any great exactness, because of the small differences of the du- 
< rations compared. In this method however we are free from the uncertainty 
arising from the difference of longitude not being exactly known. 


4 
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Mr. S. now proceeds to the determination of the sun’s parallax by the least 
distance of the centres. There came to his hands only two measurements of the 
greatest distance of the limbs of the Sun and Venus, one at Tobolsk and the 
other at Rodrigues. He only considers the measurement at Rodrigues, because 
there se6ms to be some mistake in the measurement at Tobolsk. If we suppose 
the sun’s parallax = 8*.5, then the apparent middle of the transit happened at 
Rodrigues at 9 h 3 7 m 30*. There is a measurement by M. Pingr6 of the greatest 
distance of the limbs at 9 h 38 m 13 s , which is so near the middle of the transit that 
we may safely take this quantity, viz. 5' 5A".6 t * for the greatest distance of the 
limbs of the Sun and Venus, and especially as it is marked an exact observation. 
This measurement therefore gives the apparent least distance of the centre of the 
Sun and Venus at Rodrigues =s 9' 2l # .4. Supposing then this measurement to. 
be exact, here follows an irrefragable argument, independent of all other methods, 
to prove that the parallax of the sun is very nearly = 8*.5. Let us suppose the 
sun’s parallax = 10*; and let us compute by the following method the apparent 
least distance of the centres at Tobolsk ; thence we shall find that the geocentric 
least distance of the centres at Tobolsk is 507**41 6, and by the observation at Rod- 
rigues the geocentric least distance of the centres is = 5.72'.012 ; so that on this 
supposition we have two different geocentric least distances of the centres, which 
being absurd, it follows that the sun’s parallax is not 10*. Again let us suppose 
that the sun’s parallax is = 7 " ; we shall find that the geocentric least distance of 
the centres by the observation at Tobolsk is = 57 5". 356, and by the observation 
at Rodrigues it is = 56(^.248. Thus then again we have two different geocentric 
least distances of the centres, which being absurd, it follows that the parallax of 
the sun is not 7". Again if we suppose the 6un’s parallax = 8' or 9", we shall 
find that the same absurdity will follow, but in these last two suppositious 
we shall find that the differences of the geocentric least distances of the centres 
are not so great as on the suppositions of 10* and 7“, it therefore follows that 
the parallax of the sun is less than 9 s and more than 8 # . And if we continue 
to reason in the same manner, we shall find, that on the supposition that the sun’s 
parallax is = 8*.5, the geocentric least distances of the centres, severally found by 
the observation at Tobolsk and at Rodrigues, is very nearly the same, consequently 
that the sun’s parallax is very nearly = 8*. 5. If we pursue this subject to a greater 
precision, and suppose that the measurement of the greatest distance of the 
limbs of the sun and Venus, taken by M. Pingre, to be perfectly exact, and com- 
pute on true f principles the apparent least distances of the centres, from the 

* Mr. S. all along considers the observation of M. Pingre at Rodrigues as it is printed, from his 
own letter, in the Phil. Trans. — Orig. 

+ He says on true principles, because be bad reason to think that there is a mistake in the method 
given by M. Pingre in the aforesaid memoir .^Orig. 
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durations observed at the different places in the north (the method of which is 
afterwards given) the parallax of the sun will come out as follows, when they are 
compared with that measured at Rodrigues : 

Cajan. Calm. Tobol. Torn. Upsal. Slock. Abo. Herno, 

Rodrigues 8".60 8".58 8' .65. . . . 8".48 8".60 S".40 8" .63 8'. 5 5 

The mean of these 8 comparisons gives the sun’s parallax = 8 ". 56 , being 

the very same as that which we found before by the comparisons of the inter » 

nal contacts. 


Again let us reduce the observed durations, at the following several places, 
to the centre, on the supposition that the sun’s parallax is = 8 ".5 6, as in the 
following table. 


1. 

Tobolsk. 

5 h 48“ 53'= Obs. Du. 

0 9 6 = Parallax. 

2. 

Cajaneburg. 

5’’ 4<; n ' 5V=Ob*.Du. 
0 8 8 = Parallax 

r 3 . 

Tornea. 

5‘ 50 m 9’= Ob*. Du. 
0 S 3 = Parallax 

4. 

Upsal. 

5* 50* Obs. Du. 

0 7 36= Parallax. 

5 58 59 = Cent. D. 

5. 

Stockholm. 

5 50 42 = Obs. Du. 

0 7 37 = Parallax. 

5 58 2 = Cent. D. 

6. 

Abo. 

5 50 9= Ob*. Du 

0 7 4y = Parallax. 

5 58 12 = Cent. D. 

7. 

Hernosand. 

5 50 2 ) = Obs. Du. 

0 7 3 J= Parallax. 

5 58 2 s Cent D. 

8. 

Cal mar. 

5 55 39 = Obs Du.’ 
0 7 24 ss Parallax. 

5 58 19 = Cent. D. 

9- 

Calcutta. 

5 50 36 = Ob*. Du. 

0 7 35 as Parallax. 

5 57 58 = Cent. D. 

10. 

Madra*. 

5 51 43 = Ob* Du. 
0 6 35 = Parallax. 

5 58 5s Cent. D. 
tl. 

Grant Monnt. 

5 51 20= Ob* Du. 

0 6 35 = Parallax. 

5 58 3 ss Cent. D. 

12. 

Abo. 

5 51 33 s= Obs. Du. 

0 6 26' ss Parallax. 

5 53 11 = Cert. D. 

5 58 18 = Cent. D. 

5 57 55 = Cent. D. 

5 r>7 55 s= Cent D. 


The mean oP these 12 central durations gives the mean central duration = 5 h 
58 m 5*. From this central duration we shall find that the geocentric least distance 
of the centres is = 57 1 # or 9' 31 Let us compare the above apparent least 
distance of the centres measured at Rodrigues, with this geocentric least distance 
of the centres, and we shall find that the parallax of the sun thence resulting is 
— a". 5 6, the same as before. These results of the parallax, arising from the 
comparisons of the apparent least distances of the centres, agreeing with the 
former determinations of the parallax by the internal contacts, are a proof of the 
accuracy of this measurement of the greatest distance of the limbs made by M. 
Pingrd at Rodrigues. 

There are 1 2 places at which the total duration was observed, 3 of these had 
a northern parallax of latitude at the middle of the transit, the other 9 had a 
southern parallax of latitude. Let the apparent least distance of the centres at 
each place of observation be found by the following method ; let these be com- 
pared together, and we shall have the parallax of the sun resulting from them. 
For this purpose Mr. S. computed the apparent least distance of the centres at 
the 8 following places, and compared them with the apparent least distance of the 


jitized by ' 


Google 



PHILOSOPHICAL TRANSACTIONS. 


33 


YOL. LIU.] 

centres at the 4 following places, and from each comparison he oomputed the 
parallax of the sun, which are as in the following table. 


Cajan. 

Calm. 

Tobol. 

Tornea. 

Upsal. 

Stok- 

Abo. 

Herno. 

Sun’sP. 

mear* 

8".48 

8", 45 

8 ". 54 

8"-31 

8 '.4 8 

8'.20 

8 ". 52 

8".42 

8".42 

8.79 

8.76 

8.93 

8.6 1 

8.79 

8.50 

8.82 

8.73 

874 

8.42 

8.38 

8.45 

8.24 

8.42 

8.12 

8.45 

8.35 

8.35 

8.(>'9 

8.65 

8.81 

8.43 

8.68 

835 

8.73 

8.61 

8.62 

8.59 

8.56 

8.68 

8.40 

8.59 

8.29 

8.63 

8.53 

S . 5 J 


Sun's Par. mean 

The mean of these 32 comparisons gives the sun’s parallax = 8".53. This very 
near agreement with the former determinations is somewhat surprising, when wc 
consider the smallness of the base from which they are computed, the greatest 
scarcely exceeding 20 " of an angle. But we are also to oonsider that die appa- 
rent least distance of the centres may be found from the duration observed to a 
very great exactness, and nothing affects the accuracy of it but the errors in the 
observation. Let us suppose that an error of 6* in time happened in each of the 
observations of the ingress and egress, both in contrary directions ; the sum of the 
errors therefore in each comparison will amount to 24* of time: this will produce 
an error of 1' of space in the apparent least distance of the centres by computation ; 
but this error of 1' cannot produce an error of so much as half a second in the 
determination of the sun’s parallax. It therefore follows on the above supposition 
of an error of 24' of time in the observation, that though we had no other observa- 
tions of the transit of Venus than two of the above total durations, (suppose that 
of Cajaneburg and Madras) yet we should have been absolutely certain of the par- 
allax of the sun within less than an error of half a second, and therefore of course it 
follows that the mean of so great a number of results must be veiy near thertruth. 

This determination of the sun’s parallax by the least distance of the centres, 
is also a convincing proof that there is no mistake in the observation of Mr. Ma- 
son at the Cape, as alleged by M. PingnS ; and that there must be a mistake of l ra 
in setting down the time of the internal contact at the egress at Rodrigues, not- 
withstanding M. Pingr£, in the aforesaid memoir, prefers his observation to that 
of Mr. Mason, because, as he says, that after a strict examination of all the 
circumstances attending his observation, he could not find any mistake in it, but 
also because he has proved that no mistake could possibly be committed. In this 
determination of the parallax by the apparent least distance of the centres, we 
are not embarrassed with an exact knowledge of the difference of longitude 
between the places compared ; which therefore in some measure compensates for 
the smallness of the base. 

The same irrefragable .argument, made use of in the apparent least distance of 
the centres measured at Rodrigues, to proye that the parallax of the sun is veiy 
nearly = 8*.5, may likewise be deduced from the apparent least distance of the 
centres computed from the total durations observed at these 12 places, but with 
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more certainty ; .because the determination of the apparent least distances of the 
centres, from the observed total durations, may be depended on to a very great 
precision : but the same cannot be said with regard to the apparent least distance 
of the centres measured at Rodrigues. For M. Pingre tells us that he used a 
very good micrometer, fitted to a refracting telescope of 9 fr- e t focus, the object- 
glass of Which was but an indifferent one ; and we are very certain that in 
measuring with a micrometer of this sort, dark objects on a white field or ground* 
if the image i6 any way indistinct, the angle measured will be less than the true 
angle, and vice versa when a bright object is measured on a dark ground. As » 
proof of this remark, we find that M. Pingrd measured and found the diameter of 
Venus when on the sun, = 54". 7, whereas we are certain that it was above 58' 
and therefore we may presume that the measurements of the greatest distance of. 
the limbs might be greater than the true distance ; and, as a further proof of the 
uncertainty of the measurements made with this instrument, we find that M. 
Pingre makes the distance of the limbs greatest, several minutes after it was past 
the greatest. 

p Mr. S. now produces at one view the means of the several determinations of the 
atm’s parallax, by the before-mentioned 8 several methods, which contain the sub- 
stance of this whole paper. 

1 M The mean of 116 comparison* of the internal contacts observed at places to the north 

of the line only, gives the son’s parallax. = 8.565 

2® The mean of 2 1 comparisons of the internal contacts, with that at the Cape, gives the 

sob’s parallax = 8.56 

3 tl ° The mean of 21 comparisons of the internal oontaota with that at Rodrigues, gives the 

son’s parallax a 8.57 . 

4 to The mean of the comparisons of the total durations gives the sun’s parallax = 8.6l 

5** The mean of the apparent least distances of tbp centres compared with that measured at 

Rodrigues, gives the sun's parallax. * = 8.56 

6*° The mean of the apparait least distances of the centres by computation from the total 

durations compared together, gives Ibe sun’s parallax $.53 

The mean of these 6 means gives the sun's parallax 8.566 

And if we reject the mean arising from the comparisons of the total durations, which is the 
least certain, the mean of the other 5 means gives the snn’s parallax. s. . . = 8.557 

Thus is the sun’s parallax on the day of the transit concluded to be = 8 '.56, 
and that from 3 different modes of comparing together a great number of ob- 
servations variously combined, the several results so nearly coinciding, that it 
seems impossible that the mean of them all can err T v of a second, and that 
probably the error does not exceed part of the whole quantity, a6 Dr. Halley 
had many years since confidently presaged. 

P. S. M. Pingrfi, in his aforesaid memoir, seems to think that there must be 
some mistake in Mr. Mason’s observation at the Cape, because by comparing 
the observations of Jupiter’s satellites made by Mr. Mason at the Cape, with those 
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made by M. Messer at Paris, he finds die difference of longitude between these 
two places less, by l ra of time, than between Paris and the observatory of M. de 
la Caille at the Cape 4 and therefore imagines that Mr. Mason’s observatory was 
to the west of M. de la Caille’s. If M. Pingrd had looked into the map of the 
Cape by M. de la Caille, he would have seen that if Mr. Mason’s observatory 
had been l m of time to the west of M. de la Caille’s, it must have been in the 
ocean. Mr. S. is not at all surprised to see a difference or error of i m of time 
in deducing the difference of longitude between Paris and the Cape, by com- 
paring Mr. Mason’s observations with those of M. Messier : for he finds in the 
last volume of the memoirs for > 1761 , a difference of l m 5 s between M. de la 
Lande and M. Messier in an immersion of the first satellite of Jupiter, both of 
■these gentlemen observing :at Paris, owing he supposes to the different goodness 
of the telescopes used on this occasion ; for M. de la Lande says that he used an 
rS foot refractor, .the object-glass of which was tolerably good ; and that M. 
Messier made use of a very good reflector of 30 inches. If M. Pingr6 had taken 
thetrouble of looking into the Philos. Trans., vol. 52, he would have found there 
observations made at the Cape, and in Surrey-street, London, of the immersions 
of the ffrst and 2d satellites of Jupiter, with reflecting telescopes of equal good- 
ness, of 2 feet focal length, where the difference of determination of the longitude 
of -these 2 places does not exceed one second in those of the first satellite, and 
not above 16 s in those of the second satellite. Mr. Mason’s observatory at the 
Cape was about half a mile to the south of M. de la Caille’s,and about 10 or 12 
yards to the west of the meridian of the same. 

M. Pingrl also seems to think that the time shown by Mr. Mason’s clock was 
taken from a false meridian. Wlien M. Pingre shall read the account given, by 
Mr. Mason of his observations at the Cape, which he says in liis. memoir he has 
not seen, Mr.'S. -is persuaded: he will be fully satisfied, from the many equal- 
altitudes taken by Mr. Mason, that there can be no doubt of the times of his 
observations being found from a true meridian. 

Mr. S. takes notice of a remarkable expression in the history of the memoirs 
of the Royal Academy -at Paris, p. $ 6 , for the year 1757- It is there said, that 
the English intended to send an astronomer to North America, to observe the 
transit of Venus (accortling to the plan laid down by Dr. Halley) before they saw 
the map of the transit by M. deX’isle; and the authority produced for this asser- 
tion are tire English news-papers, which, if they had understood tlae nature -of these 
^papers, can be no authority atall. Mr. S. therefore on the best authority informs 
the gentlemen who are the compilers of the history of these memoirs, that the 
•'Royal' Society never once thought of sending an observer to North America, even 
before they saw the map of the transit by M. de L’isle. 

N. C. In this paper Mr. S. has employed the same elements as in his former 
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paper on this subject, except that in reducing time to space, he has made use of 
A' 0'.03 for the horary motion of Venus in her path. 

; Mr. S. adds the following method of determining the apparent least distance of 
' the centres of the sun and Venus from the observation of the total duration of 
the transit observed at any one place, andalso the geocentric least distance of the 
centres. 

Let bcpl, (fig. 3, pi. 1 ,) represent the sun’s disk ; lsp the ecliptic ; or the 
geocentric path of Venus over the sun ; ad the apparent path at any place, to 
the north of the plane of Venus’s orbit ; sm the geocentric least distance of the 
centres ; ak the parallax of latitude at the internal contact at the ingress ; 
nd the parallax of latitude at the internal contact at the egress ; a b the 
parallax of longitude at the ingress ; and cd the parallax of longitude at the 
egress. It is required to find sf, a perpendicular let fall from the centre of the 
sun on the apparent path, and thence to find sm the geocentric least distance of 
the centres of the sun and Venus. 

If the parallax of longitude at the ingress retard, and the parallax of longitude 
at the egress accelerate, the total duration will be shortened by the sum of these 2 
parallaxes of longitude, viz. by a b and cd ; and if we make no allowance for 
s these parallaxes, the apparent path will appear to have been bc, consequently a 
perpendicular from the sun’s centre on bc will be se, longer than the perpendicular 
on the true apparent path, by fb. Now since it is certain that the parallaxes of 
longitude do not depress, or elevate the planet, but only alter the position of the 
planet in a direction perpendicular to. the axis of its orbit, therefore the parallaxes 
of longitude, in time, are in this case to be added to the observed time of the 
total duration : in consequence of which, the observed time of total duration, bc 
d- xb + cd are = to the chord described by the planet in its passage over the 
sun ; and if the semidiameters of the sun and Venus are known, their difference 
is known, which is = to the line as : af, from what has been said, is also known, 
therefore sf may be found. But this sp is not the apparent least distance of the 
centres ; for if we compute the parallax of latitude for the apparent middle of the 
transit, we shall find it greater than mf, which mp is only a meap between the 
parallaxes of latitude at the ingress and egress. Let therefore the difference be- 
tween mf and the parallax of latitude, computed for the middle of the transit, be 
added to sf, and the sum will be 3 = to the apparent least distance of the centres 
nearly ; and if from this sum we subtract the parallax of latitude, computed for 
the middle of the transit, the remainder will be the geocentric least distance of 

P 

the centres nearly. 

A true, and more ready method, to find the geocentric least distance of the 
centres, consequently the apparent least distance of the centres, at any place 
where the total duration has been observed, is thus s — 

Reduce the total duration observed to the centre ; reduce the central semi-du- 
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ration, in time, into space j then in the right-angled triangle sma, fig. 4, or smc, 
we have given the two sides sa or sa, and am or am : therefore the third side sm 
may be found ; therefore sm the geocentric least distance of the centres is found ; 
and if to sm we add or subtract the parallax of latitude for the apparent middle 
of the transit, the sum or difference will be the apparent least distance of the 
centres. 

Example. To J iml the apparent least distance of the centres at Tobolsk. 

The total duration observed at Tobolsk, was 5 h 48 m 53% add 9 m 3 s ( = to the 
effect of the parallaxes of longitude and latitude, both for the ingress and egress, 
on the supposition that the sun’s parallax is = 8%5) to this total duration, the sum 
5 h 55 m 5(3’ is — to the central duration ; consequently 2 h 58 m 58* is = the cen- 
tral Semi -duration, reduce this time into space, and it will be found = to- 
7 1 5%956 = am or om, and sa or sa ( = difference of the semi-diameters of the 
sun and Venus) =916'': therefore sm will be found = 571%37 = the geocen- 
tric least distance of the centres of the sun and Venus. The parallax of latitude 
computed on the above supposition of the sun’s parallax, for the apparent middle 
of the transit at Tobolsk, will be found = 14% 13, which being added to the geo- 
centric least distance of the centres above found, the sum 585".50 will be the ap- 
parent least distance of the centres at Tobolsk.. 

XL nil. Qf -a Case in which Green Hemlock was applied . By Mr. Josiah 

Colebrook, F. R. S. p. 346. 

Ann James, of the parish of Boughton Monchelsey in Kent, aged 55 years,, a 
married woman, had for some years complained of a pain and hard lump in each 
breast. In Sept. 1 762 she asked Mr. C.’s advice about them: on examining 
them, be found a very hard schirrus in each breast : that in the left breast had 
the mamillary glands indurated and knobbed, like ramifications toward the axilla, 
a little adhesion to the pectoral muscle, was as large as a turkey’s egg, and she 
was under daily apprehensions that it would break. That in the right breast 
was not near so large, nor had ramifications, nor adhered like the other. She 
complained of most excruciating stabbing pains in both breasts, which prevented 
her having any rest in the night, and made her so very miserable all day, whether 
she lay down, stood, sat, or walked, that she was unable not only to go out to 
work, but even to do any thing for her family at home, not even to make her 
own bed : and she had totally lost her appetite : her usual employ was spinning, 
.washing, brewing, and what in London is called the business of a chairwoman. 
The breasts were but little discoloured, but the pains she described, and the 
ramifications attending the schirrus in the left breast, induced -him to pronounce 
it a cancer. 
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He advised her to take the green hemlock, viz. cicuta major vulgaris caule 
maculoso ; to mince it with parsley, to disguise the taste, and eat it with bread 
and butter twice or three times in a day, the 3d part of a leaf, or one of the 
3 divisions, which are in each leaf, at a time ; that her constant drink should 
be lime water and milk ; that she should take as many millepedes every day, as 
her stomach would bear, or she could get ; that her body should be kept open 
by rhubarb or magnesia, as occasion required ; and that she should have an issue 
in her arm, and lose 6 or 8 oz. of blood once in 6 or 8 weeks, if her pains 
continued. He desired a leaf might be weighed, that he might ascertain the 
quantity of each dose, and found she took 15 grs. of the green plant 3 times 
in a day : finding it agree with her stomach, and that it eased her pains, 
though it caused a tingling to her fingers ends, she increased the quantity. In 
the beginning of Nov. she had a very large menstrual discharge, which had not 
happened to her for many years before ; the schirrus was much lessened, and 
her pains were considerably abated. 

About the end of Nov. she found her breast more swelled, and the pain 
more acute than it had been for 6 weeks before ; had a restlessness, giddiness 
in her head, and weight over her eyes ; the discharge of the issue stopped, and 
a violent humour came all round the orifice. As he had desired a little blood 
might be taken away, if occasion required it, she was bled about the last day of 
Nov. on which she fainted away, and afterwards had fainting fits 2 or 3 times 
in a day, great sickness at her stomach, and sometimes bled at the nose. On 
these symptoms coming on, though she had taken somewhat purgative twice in 
a week, from her first beginning to take the hemlock, it was thought proper to 
suspend the taking the hemlock for some days. He then ordered her an infu- 
sion of the cortex Peruvian us 1 oz. in powder, to a quart of spring water, to 
let it stand 3 or 4 days, shaking it everyday ; and then that she should take 3 
spoonfuls twice in a day; that she should repeat the hemlock in the same 
quantity she took at the first ; that she should not again exceed that quantity on 
any account ; and that she should continue the lime-water and the millepedes. 

About the latter end of Dec. she had a regular appearance of her menses, but 
very moderate, her pains were very much abated, and the schirrus much less, 
though she often complained of a swimming in her head, and a restlessness in 
the night. From this time, viz. the end of Dec. she continued mending in all 
respects so mtich that he heard nothing of her till March 1763 ; when he was 
told that Ann James Was surprisingly recovered, that her cancer was much les- 
sened, that she could use her arms, work for herself and family, and that her 
pains were so much abated tlrat she was quite happy. 

In Sept, he was at Boughton, saw her, and examined her breasts : the 
schirrus in her left breast was not half so large as when he saw it before ; the 
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ramifications were all gone, and it did not at all adhere to the pectoral muscle ; 
her appetite was good, and she was able to do her business as usual ; she said she 
sometimes felt some of those stabbing pains she before complained of, but they 
were not frequent nor very severe. 

The beginning of last Nov. he had a further account of her, then stating that 
the lump in her breast, which she expected would break, was not half so large as 
it was, and continued decreasing ; that she had great spirits ; mid from being 
one of the most miserable of the human species, she th£n enjoyed ease and hap- 
piness, and could without much pain do all her usual business, as washing, 
brewing, baking, and needle-work, except spinning, that motion still giving her 
great pain : she continued to take 4 dr. of dry hemlock twice in a day, but took 
the green, when she could get it, in larger quantities. 


XLIX. Of q Remarkably Meteor. By Mr. Sam. Dunn. p. 35 1. 

In Sept, and Oct. 1703, on many different days, but always in the afternoon, 
when the sun was nearly at the same height above the horizon, Mr. D. was 
amused with the appearance of a kind of meteor, not before noticed. As it ap- 
peared under nearly the same circumstances at other times, and therefore may 
contribute towards the better understanding the theory' of a parhelion, .he gives , 
the description of this meteor, as it appeared the 6th of Oct. last, at 5 o’clock 
afternoon. A kind of mock sun appeared of equal altitude with the real sun, 
about 224-° southerly from him. A little above the mock sun the sky was clear, 
but the phenomenon was in the midst of clouds that were not very dense. The 
diameter of this phenomenon was nearly like that of the real sun, and a remark-, 
able red stream of light pointed from it, as at all other times towards the real 
sun, which shined clearly at the same time. As there was no descending rain, 
nor any other colour of the rainbow, he thinks this a meteor not yet registered 
among meteorological observations. 

B. Of a Blow an the Heart, and of its Fjjtcls. By Mark Jkenside, M. D. r 

F. R. S. p. 353. 

Sept. II, 1762, Richard Bennet, a lad about 14 years of.age, was brought to 
a consultation at St. Thomas’s Hospital. His disorder was a palpitation of the 
heart, so very violent to the touch, that they all concluded it to be an aneuiysm, 
and without remedy. He had a frequent cough. His pulse was quick, weak, 
and uneven, but not properly intermitting. It was apparent that nothing could 
be done, further than by letting blood in small quantities; and by the u?e 01 
emollient pectoral medicines, to lessen now and then, however inconsiderably, 
the extreme danger to which he was continually subject. He w.as taken into the 
hospital that same day, being, Saturday, and treated according to what had been 
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agreed on. But on the Tuesday morning following he died, without any previous 
alarm or alteration. 

The origin of his .complaint was a blow, which he had received 6 months be- 
fore, from the master whom he served as waiter in a public-house. The master 
had owned that he had pushed him slightly on the left side with his hand. The 
boy informed them that he himself was then carrying a plate under his arm; and 
that the blow or push from his master drove the edge of the plate forcibly between 
2 of his ribs. He was immediately very ill of the hurt, sick, and in great pain. 
Hi3 mother also informed them, that she thought the palpitation was more via*- 
lent about a fortnight after the accident than when they examined him. The day 
after the blow, they took 8 oz. of blood from his arm ; about 3 weeks after that, 
they again opened a vein, but got not much from it: and 3 weeks after, they let 
him blood the last time, to the amount of 8 oz. He began to have a cough 
soon after the hurt, with frequent spittings of blood in very large quantities; 
and had nocturnal sweats almost the whole 6 months, during which he survived 
the blow. About 4 months after it, there came over the umbilical region of the 
•abdomen a livid appearance, like a mortification : but it went off gradually, and 
at length vanished. He had nothing particular in his habit of body, or state of 
health ; save that, about a year before this accident, he had been crippled with 
the rheumatism. He was, when they -saw him, a good deal reduced, but had 
not a hectic nor consumptive look. 

On the day of his death, Mr. Cowell opened him ; when to their great surprize, 
they found no aneurysm, nor the least extravasation of blood, either from the 
cavities of the heart or the large vessels. But on the left ventricle of the heart, 
near its apex, there was a livid spot, almost as large as a half-crown piece, bruised 
and jelly like; the part underneath being mortified quite to the tavity of the 
ventricle. Thence upward, towards the auricle, there went several livid specks 
ahd traces of inflammation, tending in like manner to gangrene. The heart 
also, throughout its whole surface, adhered very closely to the pericardium ; and 
the whole outer surface of the pericardium, as closely to the lungs. The other 
viscera were quite sound. So that the mischief here was properly a contusion 
of the heart; the edge of the plate having struck it, probably at the instant of 
its greatest diastole. This produced- an inflammation on its surface, followed by 
a gangrene, and terminating in -that double adhesion, by which the whole heart 
was fast tied up, till on this account, as well as by reason of the mortification, 
it was no longer able *to circulate the blood. 

LI. The Method of Making Nitre in Podolia. By Wolf M. D. p. 356. 

In the present improved state of chemical knowledge, it would be of little use 
to give a translation or abstract of this paper on the artificial preparation of nitre, 
or to notice the author’s conjectures concerning the origin ©f this salt. 
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LII. An Estay towards Solving a Problem in the Doctrine of Chances. By the 
late Rev. Mr. Bayes, F. R. S. Communicated by Mr. Price, p. 370. 

This problem is to this effect: “ Having given the number of times an un- 
known event has happened and failed; to find the chance that the probability of 
its happening should lie somewhere between any two named degrees of probabi- 
lity.” In its full extent and perfect mathematical solution, this problem is much 
too long and intricate, to be at all materially and practically useful, and such as 
to authorize the reprinting it here; especially as the solution of a kindred pro- 
blem in Demoivre’s Doctrine of Chances, p. 243, and the rules there given, 
may furnish a shorter way of solving this problem. See also the demonstration 
of these rules at the end of Mr. Simpson’s treatise on “ The Nature and Laws 
of Chance.” 

% 

LIII. Of the Sea Pen, or Pennaitila Phosphorea of Linnarus\ also a Descrip- 
tion of a New Species of Sea Pen, found on the Coast of South Carolina ; 
with Observations on Sea Pens in General. By J. Ellis, Esq., F.R.S. p. 4ip. 

This animal was well known to the ancients by the name of the sea pen ; many 
of the old authors took it for a fucus or sea plant. This species has been found 
in the ocean from the coast of Norway to the most remote parts of the Medi- 
terranean sea, and not only dragged up in trawls from great depths of the sea, 
but often found floating near the surface. Dr. Shaw, in his Histoiy of Algiers, 
remarks that they afford so great a light in the night to the fishermen, that they 
can plainly disoover the fish swimming about in various depths of the sea. From 
this extraordinary property Linnaeus calls this species of sea pen, pennatula phos- 
phorea, and remarks, after giving the synonyms of other authors, habitat in 
oceano fundum illuminans. 

The outward appearance of this animal is not unlike one of the quill feathers 
of a bird’s wing, but they are found of different sizes, from 4 to 8 inches in 
length; the lower half of it is naked, round, and white, not unlike the quill 
part of a writing pen; the upper part represents that of the feathered part of the 
pen, and is of a reddish colour. This upper half, which arises from the quill and 
is feathered on both sides, is a little compressed, and becomes smaller and smaller 
till it ends in a point at the top; along the back of this, in the same manner as 
in the inner side of a common writing pen, there is a groove in the midd le, from 
the quill to the extremity; from each side of this upper part of the stem proceed 
little parallel featherlike fins; these begin at the top of the quill part, very small 
on 'each side at first, but lengthen as they advance towards the middle; hence 
they shorten gradually on each side, till they end in a point at the top, their ter- 
minations preserving on each side the figure of the segment of a circle. 
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To come now to consider more minutely those pinnulae, or feather-like fins, 
that project on each side and form the upper part of this animal. These are 
evidently designed by nature to move the animal backward or forward in the sea, 
‘consequently to do the office of fins, while at the same time, by the appearance 
of the suckers or mouths furnished with filaments or claws, they were certainly 
intended to provide food for its support; for notwithstanding what Linnaeus has 
said in regard to its mouth, in his system of nature, viz. Os baseos commune 
rotundum, Mr. E. could not, with the help of the best glasses, discover that the 
point of the base was penetrated in the least, so that he is clearly of opinion, 
that this animal, like the hydra arctica or Greenland polype, described in his 
Essay on Corallines, nourishes and supports itself by these suckers or polype-like 
filaments; that by these both kinds take in their food, and have no other visible 
means of discharging the exuviae of the animals they feed on, than by the same 
way which they take them in ; and that, from attentively considering the struc- 
ture and manner of living of both these animals, he classes them in the same 
genus of pennatula, though they vary very much in their exterior form and size, 
and consequently are of very different species. The stem of the suckers of this 
animal is of a cylindrical form ; from the upper part proceed 8 fine white fila- 
ments or claws, to catch their food: when they retreat on the alarm of danger, 
they draw themselves into their cases, which are formed like the denticles of the 
corallines, but here each denticle is furnished with spiculae; which close together 
round the entrance of the denticle, and protect this tender part from external 
injuries. 

Some of the most curious remarks of Dr. fiohadsch on the anatomy of this 
animal, as also on the appearance of it while alive in sea water, are as follow r 
“ When the trunk is opened lengthwise, a saltish liquor flows out of it, so viscid 
as to hang down an inch ; the whole trunk of the stem is hollow ; its outward 
coriaceous membrane is more than a line thick, and forms a strong covering to 
it: between this and another thinner membrane of the pinnated part of the 
trunk, are innumerable little yellowish eggs, floating in a whitish liquor, about 
the size of a white poppy seed; these are best seen when the trunk is cut across;, 
this thin membrane lines the whole inside of the trunk, in which we observe 
nothing but a kind of yellowish bone, which takes up 3 parts of the cavity. 
This bone, in some of these animals, is above 2-j. inches long, and about half a 
line thick; in the middle part of it, it is quadrangular; towards each end it grows 
round and very taper: that end is smallest which is nearest the top of the pin- 
nated trunk. The whole bone is covered with a yellowish clear skin, which at 
' each end changes into a ligament; one of which is inserted in the top of the 
pinnated trunk, the other in the top of the naked trunk ; by the help of this 
upper ligament, the end of this little bone is either contracted into a very narrow 
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arch, or disposed into a straight line, according to the motion of the trunk. The 
fins likewise are composed of 2 skins: the outer one strong and leathery, and 
covered over with an infinite number of crimson streaks, the inner skin is thin 
and clear: the cylindrical part of the suckers are in the same manner, only with 
this difference, their outer skins may be softer. Both the fins and suckers are 
hollow, so that the cavity of the suckers may communicate with the fins, as their 
cavity does with the trunk. 

“ We now come to the appearance which this animal makes when alive in sea 
water. Hie trunk then was contracted circularly at the bottom of the naked 
part of the stem, and by this contraction formed a zone of the most intense 
purple, which moved upwards and downwards successively: when it moved up- 
wards through the length of the pinnated trunk, it there became paler, and at 
length terminated at the top: the motion being scarcely finished, a like zone ap- 
peared at the end of the naked trunk, which finished its motion in the same 
manner as the former. When this zone becomes very much constricted on every 
side, the trunk above it swells and acquires the form of an onion; and then it 
appears as if a compressed globe moved along through the whole space of the 
trunk; this constriction of the trunk gives that fine red colour to the zone; for 
when the skin of the trunk is outwardly full of purple papillae, the intermediate 
spaces are of a whitish colour. In this constriction then of the skin, the inter- 
mediate spaces are obliterated, and the papillae are brought nearer together; 
consequently only the purple colour presents itself to the eyes and appears more 
bright. 

“ The end or apex of the naked trunk is sometimes curved like a hook, and 
'sometimes extended in a right line; both these motions then must be directed by 
the little bone in the inside, and from this motion of this little internal bone, that 
sinus or cavity at the lower end of the trunk (thought by authors heretofore to 
be the mouth) seems plainly to be formed; fdr sometimes it is deeper, sometimes 
shallower; it is deeper while the moveable globe appears in the middle of the 
pinnated part of the trunk, and shallower when it is in the bottom of the naked 
trunk, at which time the bone is most extended. The fins or pinnulae have 4 
different motions; they are moved both towards the naked stem, and towards 
the pinnated stem; sometimes they are drawn in very much to the belly, a little 
after they are inclined to the back; further, the fleshy filaments or claws move 
in all directions, and the cylindrical part with the filaments is either extended out 
or drawn in and hid in the fins.” 

In the following 3 chapters Dr. Bohadsch describes 3 other kinds of sea pens* 
One he calls penna grisea or the grey sea pen with crenated fins; this is figured 
and described from a dry specimen in Seba’s Museum, tom. 3. The next is a 
very singular one, without fins, having a square bony stem 2 feet 10 incites loner, 
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covered with a akin, and furnished on 3 sides with tentacula or suckers: he says, 
the fishermen call it penna del pesche de pavone, or the feather of the peacock 
fish. To these he has added the alcyonium, called Manus marina; he calls it 
Penna ramosa pinnis carens, tenlaculis in ramis positis; and in another place, 
Penna exos. The figures of these pennatula, or sea pens,, may be seen in the 
works of Bohadsch, Linnaeus, and elsewhere. 

Mr. E. concludes with a short account of a new discovered species of penna* 
tula, which his friend John Greg, Esq. of Charles Town in South Carolina, dis- 
covered on that coast, and ( presented to him. This beautiful purple animal is of 
a compressed kidney shape. The body is about an inch long, and half an inch 
across the narrowest part, it has a small roundish tail of an inch long, proceeding 
from the middle of the body : its tail is full of rings, from one end to the other, 
like an earth-worm ; and, along the middle of the upper and under part of it, 
there is a small groove which runs from one end to the other. He examined 
carefully the point of the tail, but could find no perforation in it; which is 
agreeable to what he has observed in the rest of this genus. The upper part of 
the body is convex and near a quarter of an inch thick ; the whole surface of it 
is covered over with minute yellow starry openings, through which are protruded 
little suckers like polypes, each furnished with 6 tentacles or filaments, like 
what we observe on some of the corals, and which seem to be the proper mouths 
of the animal. The under part of the body is quite flat ; this surface is full of 
the ramifications of fleshy fibres, which, proceeding from the insertion of the 
tail, as their common centre, branch out so as to communicate with the starry 
openings on the exterior edge and upper surface of this uncommon animal. 

Fig. 5, pi. 1, is the kidney-shaped purple sea-pen from South-Carolina, in 
its natural size. This upper part is full of starry openings, which send out 
small suckers, like polypes, by which it feeds. Fig. 6 is the under part of the 
same, with its ramifying fibres, that lead from the insertion of the stem, as 
from a centre to the circumference, and correspond with all the starry ownings 
on the edge and back of it. Fig. 7 is a part of the exterior edge highly mag- 
nified, to show the form of the starry openings and suckers, which consist of 6 
rays and claws. 

f 

LIF~. A Letter from Mr. B. IVihon, F. R. 8. to Mr. JEpinus. p. 436. 

This is a tedious and uninteresting dispute between Mr. jJLpinus and Mr. 
Wilson, concerning the nature of plus and minus electricity ; also the perme- 
. ability of glass to that fluid ; and on the electricity of the tourmalin. 

t 

LV. On the Parallax of the Sun . By the Rev. Thomas Hornsby , M. A 
Savilian Professor of Astronomy , Oxford , and F. R. S. p. 467. 

The quantity of the sun’s parallax is of such importance, both to the theory 
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anH practical part of astronomy, that many methods of determining it have been 
employed by the astronomers of every age. Mr. Flamsteed informs us, in the 
02d and 96th numbers of the Philos. Trans., that from some observations made 
on the planet Mars, he had found the sun’s parallax not to exceed 10 seconds ; 
and Dr. Halley, in a memoir written expressly with a view to ascertain the 
exact quantity of it, supposes it not to be greater than 12-/. When we con- 
sider the imperfect state of astronomy at the time when Mr. Horrox lived, we 
cannot sufficiently admire the wonderful genius of that young gentleman, who 
at the age of '24 could collect, from his own observations, that the parallax of 
the sun did not exceed 14 seoonds; while many celebrated astronomers, whose 
tables were then in the greatest repute, had assigned a parallax of more than 2 
minutes to the sun, which Kepler had supposed could not be less than 5 Q 
seconds, and which Hevelius, who published the admirable treatise of Mr. 
Horrox, entitled, Venus in Sole visa, fixed at 41 seconds. 

In the year 1719, Dr. Pound and his nephew, that illustrious astronomer, 
Mr. Bradley, did, when Mars was in opposition to the sun, demonstrate (to 
use the words of Dr. Halley, Phil. Trans., N° 366,) the extreme minuteness of 
the sun’s parallax, and that it was not more than 12*, nor less than 9*, on 
many repeated trials.’ At the same time, and by the same kind of observations, 
Maraldi determined this parallax to be 10*, the result of his observations agree- 
ing exactly with those deduced from the correspondent observations by Richer at 
Cayenne, and by Cassini at Paris, in the year 1672. 

The voyage which the Abb£ de la Caille undertook, to perfect a catalogue of 
some of the principal fixed stars, furnished the astronomers with the means of 
determining the sun’s parallax by corresponding altitudes of the planets Mars 
and Venus, to be observed on each side of the equator, with all the accuracy of 
which that method is capable. The astronomers here in Europe were invited to 
determine the distances of the planets from particular stars on stated days, 
while the Abb& himself proposed to make the corresponding observations on 
the southernmost part of Africa at the Cape of Good Hope. By the differences 
of the altitudes of the northern limb of Mars, and of such stars as were nearly 
in the same parallel, observed on the same day at the Cape with a sextant of 
6 f. radius ; at Greenwich by Dr. Bradley with a mural quadrant of 8 f. ; at 
Bologna in Italy by M. Zanotti with a similar instrument of 5 f. ; at the Royal 
Observatory at Paris by Messieurs Cassini de Thury and Gentil, with a move- 
able quadrant of 6 f. ; and in Sweden by Messieurs Waigentin, Stronmer and 
Schemmark, with telescopes . of 7 and 8 f. armed with micrometers ; it was 
found, when every reduction is made, that according to each observation, the 
dates of which are given below, the horizontal parallax of the sun, when at its 
mean distance from the earth, was as is represented in the following table. 
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Green wi 

ch. 

Bolo 

gna. 

Pai 

■»s. 

Stock! 

iolm. 

Up 

sal. 

Hem< 

Maud. 

17/>l 

// 

1731 


1751 

// 

1751 


1751 

// 

1751 

// 

Aug. ... 30 

9-6 77 

Aug.31 

9753 

Sept. 13 

9.134 

Sept. 1 

10.466 

Sept. 2 

9.438 

Sept.25 

9.933 

Sept.... 13 

9-3*4 

Sept. 1 

9 895 

14 

9715 

25 

10.504 

+ 24 

12.255 

27 

10.618 

14 

9-096 


9971 

+ 24 

11.912 

Oct+3 

12.864 

25 

9-715 



Oct 3 

10.161 

14 

10.238 

Oct. S 

9-895 

5 

10.085 

Oct. 6 

9134 



4 

10.504 

Oct +7 

11.075 



6 

9-735 





7 

9515 





1 






+ 9 

lO.ybi 





! 






Mean of all 

9-891 


10.186' 

' 

10.164 


10.734 

i 

10.135 


10.275 

Mcanrej. + 

9-712 


9-964 


9-581 


10.202 


9.421 




By taking a mean of all these observations, it follows that the sun’s mean 
horizontal parallax is l<y.2 ; and if we reject the observations which differ most 
in excess from the rest, the mean will give Q.842 for the sun’s mean horizontal 
parallax. Besides these 27 determinations, the Abb6 de la Caille compared 4 1 
observations, the mean of which is given in the following table. 


N° of Obs. Observation*. Instruments. 

7 The late M. Cassini and M. Maraldi Quadrant 2 f. rad. 

6 Mr. Delisle — af the Hotel de Clugny. Mur. circle 2 f. 

3 Father Beraud Refr. tel. 7 f. 

6 M. M. Garipuy and d’Arquier Ditto 

12 M. Sabatelli and Father Carcani Quad. 4 f. diag. dir. 

7 M. Bose Tel. of 6 and 8 f. 


Places. 0 Par. 
Thury 8"-982 

Paris f 11.532 

Lyons 9.020 

Toulouse 8.944 

Naples 9.933 

"SVittemberg 10 . 1,99 


Mean of all obserr. according to A. Caille 10.210 

Mean of Results (rejecting the 2 d) , 9. 575 


Few observations of Venus near the inferior conjunction with the sun on 
Oct. 31, 1751, were made, on account of the unfavourable weather here in 
Europe. By an observation made at Greenwich, on Oct. 25, the mean hori- 
zontal parallax was 9". 8 ; but according to the observation made at Paris on the 
same day at the Royal Observatory, that parallax was 11 "A. On Oct. 27, by 
an observation made at Paris, the sun’s mean horizontal parallax was 9*.85 ; but 
by an observation at Bologna on the same day it \yas found to be \0".4. By the 
observation at Paris on Nov. 17, the sun’s mean parallax was 10 v .5. By a mean 
of all the observations of Venus, the sun’s mean parallax is 10".38 ; and if we 
reject the Paris observation on Oct. 25, that parallax is 10".13.* We see then 
that, according to these observations, the sun’s mean horizontal parallax is not 
less than 8".g4. If we take a mean of the whole, that quantity is IO.09 : but if 
we reject the observations that differ most in excess, the sun’s mean horizontal 
parallax will be found to be 9^.92 ; a determination in which every astronomer 


See the Abb^ de la Caille's Introduction to bis Ephemerides Celestes from ] 765 to J774, 
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might readily acquiesce, when he considers the accuracy of the observers, and 
the nice agreement of almost all the observations. 

And such was the state of the sun’s parallax as deduced from the latest and 
best observations, when the approaching transit of Venus in 1701 engaged the 
attention of the curious of all nations. Dr. Halley, in Philos. Trans., N° 348, 
had proposed a method of determining the sun’s parallax, by procuring observe 
tions to be made on this transit in such places where the difference of time 
between the ingress and egress would be the greatest possible ; namely near the 
mouth of the Ganges, where the sun would be vertical at the middle of the 
transit, and at Port-Nelson in Hudson’s Bay, where the planet would enter on 
the sun’s disk about the time of sun-set, and leave it soon after sun-rising ; for 
in the former place, says Dr. Halley, the planet would be equally distant from 
noon both at ingress and egress, and the apparent motion of Venus on the 
sun would be accelerated by almost double the quantity of the horizontal paral- 
lax of Vehus from the sun : because Venus is at that time retrograde, and 
moves in a direction contrary to that of the eye of an observer on the earth’s 
surface. Whereas in Hudson’s Bay, under an opposite meridian, the eye of an 
observer will be carried, while the sun seems tq move under the pole from 
setting to rising, in a direction contrary to the motion of the ^server’s eye at 
the Ganges ; that is, in the direction of the planet’s retrograde motion from 
east to west. — From these considerations, and supposing with Dr. Halley the 
axis of the planet’s path to be inclined to the axis of the equator in an angle of 
2° 18' only, the interval between the two contacts would have been ]5 m io» 
longer in Hudson’s Bay than at the mouth of the Ganges. 

But on examination, the case is found to be somewhat different. The axis of 
the equator on the 0th of June 1701 made an angle of 0° io' with the axis of 
the ecliptic on one side, and the axis of the planet’s path an angle of 8° 30' io v 
on the other ; the axis of the planet’s path therefore made an angle with the 
equator of 14° 40" 10*. — The planet’s latitude was 5a. minutes greater, both 
from observation and the Doctor’s own tables, than he had supposed, in his cal- 
culation made from the Rodolphine tables corrected : and therefore the planet’s 
egress could not have been observed at Port Nelson. Having made a computa- 
tion for a place in North America situated 5 h 30" to the we3t of Greenwich 
and in the 6oth degree of latitude ; and also for a place to the east of the Gan- 
ges, and 6" 30™ to the east of Greenwich, in the latitude of 22° 42' north 
that the places might be nearly situated in the same circumstances with the 
mouth of the Ganges and Port Nelson, it appears that the interval between the 
two contacts would be but 4 ra 50* longer in America than in the East Indies 
supposing the sun’s parallax 12*. 5, and the inclination of Venus’s path 14° 40 ’ 
to the equator. 
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And here perhaps it may not be altogether unnecessary to inquire, how far 
the mistake which Dr. Halley committed, by using the difference of the two 
angles instead of their sum, would influence the times of the transit as seen at 
the Ganges and Port Nelson. For this purpose Mr. H. made use of the same 
elements which Dr. Halley has given in his paper, and calculated the angle of 
the vertical with the orbit of Venus at the two internal contacts at both places, 
supposing the orbit to be inclined first only 2° 18' to the equator, agreeably to 
Dr. Halley’s supposition, and also 14° 40', and he found that the duration 
would be 15 m 13* longer at Hudson’s Bay than at the Ganges, on the first sup- 
position; and I4 m 44’, if the circles be duly inclined to each other; the dif- 
ference being only 29 seconds. It has already been found by calculation, sup- 
posing the latitude of Venus to be about Qt minutes, that the difference of du- 
ration at the two places would have been only 4 m 56*. It may fairly therefore 
be concluded, that the transposition of the circles contributed very little 
towards giving so different a result, the reason of which need not here be men- 
tioned ; and Dr. Halley seems to have been led into the mistake entirely from 
supposing the latitude of Venus to be about 4' O', according to the tables which 
he then used, constructed on the principle that the nodes of that planet were 
fixed. — Having determined that the difference of duration at the two places 
above mentioned would be 15 m 10* (differing only 3* from the method Mr. H. 
used, which is independent of projection) the doctor proceeds to show, that if 
Venus had no latitude at the time of the middle of the transit, the difference 
would be 18 ra 40* ; and if the planet should pass 4' O' to the north of Ahe sun’s 
centre, that difference would be 2l m 40*; and would become still greater, if the 
planet’s north latitude should be further increased. And such would have been 
the event had the motion of the nodes been progressive. But, agreeably to 
the principles of universal attraction, their motion is really retrograde, and this 
Dr. Halley says he himself suspected. And therefore it is somewhat surprising 
that he did not determine by calculation, what would have been the difference 
in the whole duration between the two places, if Venus should pass more to the 
southward of the sun’s centre, than he had supposed. He would then immedi- 
ately have perceived that the two stations were not so advantageously plaoed as 
the solution of the problem required. 

Observers were therefore-to be sent to other places, in order to determine the 
sun’s parallax agreeably to the method proposed by Dr. Halley. The city of 
Tobolski in Siberia is so situated, that the interval between the two contacts 
was perhaps as short a6 could possibly be observed on any part of the earth’s 
surface : to this place was sent the Abbe Chappe d’Auteroches, one of the 
French astronomers. Near Hudson’s Bay, and in 6o° of latitude, the duration 
would have been 5 minutes longer, supposing the sun’s parallax = 9'. At 
4 3 



a 


i 


VOL. LIII.] PHILOSOPHICAL TRANSACTIONS. 4Q 

Bencoolen, where it was first proposed to send Messrs. Mason and Dixon, the 
difference would have been about 4-j- minutes. At the island of Rodrigues, 
where Mr. Pingr6 could only observe the last internal contact, the difference 
would have been about 7\ minutes. On the southern coast of New Holland, 
it would have been somewhat more than 10 minutes. And in the great Indian 
Ocean, under 1 154- °f absolute longitude from the Isle of Ferro, and in 57° 
of south latitude, where the beginning of the transit would happen soon after 
sun-rising, and the end just before sun-set, the difference would amount to 13^ 
minutes. The greatest difference between the interval of the two interna 
contacts, as determined by actual observation on the 6th of June, was 
tt m 49*.75, a quantity hardly sufficient to determine the sun’s parallax agreeably* 
to the method proposed by Dr. Halley. 

Mr. H. has however made the necessary calculations, and compared the 
duration of the transit observed at several places with the duration as observed at 
Tobolski. The parallax resulting from each observation is contained in the fol- 
lowing tafcde, in which the 3d column contains the observed duration, the 4th 
the difference of each observed duration ; the next contains that difference as 
deduced by coihputation on a supposition that the sun’s parallax is 9*. In the 
last column is given the horizontal parallax on the day of the transit, resulting 
from a comparison of the 4th and 3th columns. 


♦ 


Places. 

Observers. 

Observed du- 
ration. 

Diff. of ob- 
served dura. 

D*ifF. by cal- 
culation. 

Son’s paral- 
lax. 

Tobolski 

Cajaneburg 

Abbe Chappe 
Mr. Planmann 

5 k 

5 

4*6“ 

49 

5S-.25 

54 

ia 

00T75 

IB 

O0*.88 

$".980 

Tornea 0 

Hellant 

5 

50 

09 

1 

15.75 

1 

05.27 

10.444 

Tornea 0 

Lagerborn 

5 

50 

21 

l 

27.75 

1 

05.27 

+ I2.09S 

Upsal 

Bergman 

5 

50 

26 

1 

32.75 

1 

33.78 

8.901 

Upsal 

Mallet 

5 

50 

07 

1 

13.75 

1 

33.7 8 

t 7.077 

Upsal 

Stromer * 

5 

50 

02 

1 

03.75 

1 

33.7 8 

+ 6.597 

Hernosand 

Gister 

5 

50 

26 

1 

32.75 

1 

25.7 6 

9-733 

Abo 

Justander 

5 

50 

09 

1 

15.75 

1 

20.6 8 

8.450 

Stockholm 

Wargentia 

5 

50 

45 

1 

5J.75 

1 

34.21 

10.675 

Stockholm 

Kiingensdern ! 

5 

50 

42 

1 

48.75 

1 

34.21 

10.389 

Calcutta 

Magee 

5 

50 

51 

1 

37J3 

1 

37.42 

9-067 

Madras 

Hirst 

5 

51 

43 1 

2 

49.75 

2 

39 50 

9.577 


Mean of the whole. p.332 

Mean, rejecting 2 observations at Upsal and 1 at Tornea 9*579 


Mean of the whole. 9.332 

Mean, rejecting 2 observations at Upsal and 1 at Tornea 9*579 


The duration at Cajaneburg was the shortest, except at Tobolski ; with 
which if we compare the duration observed at Madras, the parallax is 9*. 94 8 : 
and hy taking a meah of the parallax deduced from a comparison of the obser- 
vation at Madras with those of Tobolski and Cajaneburg, the parallax is 
.9* .762. The observations at the above places agree as well together as can be 
VOL. xu. H 
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expected from such small differences in the duration, which must in some mea- 
sure be influenced by the necessary and unavoidable errors in observation. If 
the quantity of the sun’s diameter, and the least distance of the centres were 
very exactly known, the sun’s parallax might safely be determined, by comparing 
the duration of the transit, as observed at different places, with the duration as 
supposed to be seen from the earth’s centre. According to this method, sup- 
posing the least distance of the centres to be 9' 29^, which is a mean between 
the Greenwich, Shirbum, and Paris observations, and the difference of the se- 
midiameters of the sun and Venus = 9 16". 4, the duration as observed at To- 
bolski was more than 10 minutes shorter, than if seen without parallax; at 
Tomea 0 , at Stockholm, at Cajaneburg, at Astracan, and indeed in almost every 
part of Europe and Asia, the duration was considerably shortened; and if a 
number of good observations made in several of those parts were procured, the 
quantity of the sun’s parallax might be well enough ascertained, as the difference 
in duration, for a difference of one second in the sun’s parallax, will be found 
very considerable. Though this method should not be practised, unless the 
necessary requisites for the computation be known with some degree of preci- 
sion, Mr. H. has ventured to compare the durations observed chiefly in the 
northern parts of Europe, and some in Asia, with the duration as seen from the 
earth’s centre, = 5 h 59 m 19 s . 10 mean time, or 5 h 59 m l6’.64 apparent time, 
and calculated from the elements above mentioned. 


Observed Duration without Differ, of Diff. for l" 0’s pa- 
durations. parallax. duration, of parallax, rallax. 


Tobolski * . . , 

5 ' 

48 m 

53*. 25 5 * 59 ■* l6\64 

10 " 23 *.39 

64* .09 

9 ". 726 

Cajaneburg • 

5 

49 

54 

9 

22.04 

57.32 

9. 815 

Tornea 0 .... 


50 

09 

9 

17.64 

56.83 

9.636 

Tomea 0 .... 

5 

50 

21 

8 

55 . 6 * 

56.83 

9-425 

Abo 


50 

09 

9 

07M 

55.12 

9.935 

Upsal 

5 

50 

26 

8 

50.64 

53.67 

9.888 

Upsal 

5 

50 

07 

9 

09.64 

53.67 

10.241 

Upsal 

5 

50 

02 

9 

15.64 

53.67 

10.352 

Hernosand . . 

5 

50 

26 

8 

50.64 

53.65 

9 890 

Stockholm . . 

5 

50 

42 

8 

34.64 

53 62 

9.579 

Stockholm . . 

5 

50 

45 

8 

31.64 

53.62 

9523 

Calcutta .... 

5 

50 

36 

a 

40.64 

53.31 

9766 

Madras- 


51 

43 

7 

33.64 

46.36 

9.785 


The 4th column contains the difference between the observed and calculated 
duration; in the 5th is given the difference in the duration for a difference of l # 
in the sun’s parallax, and the 6th column is obtained by dividing the 4th by the 
5th. The mean of all the results is 9" .8 12: and if we reject two of the observa- 
tions at Upsal, which differ most in excess, the sun’s parallax is 9^.724, agreeing, 
very nearly with the quantity resulting from a comparison of some of the ob- 
served durations with the shortest observed at Tobolski and Cajaneburg. 
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We may also proceed to find the sun’s parallax by means of the least distance 
of the centres, as observed in two or more places where the effect of parallax was 
contrary; or if the least distance of the centres was only determined at one place, 
it may be found by calculation at any other place, where the total duration was 
observed. But in this and the last case the elements of calculation are required 
with so rigorous an exactness, that perhaps these methods are only to be called 
in to illustrate and confirm the others. 

Mr. Pingre confined himself principally to the determination of the least dis- 
tance of the centres. At 2i h 43 m 1 1* he found the distance between the nearest 
limbs of Venus and the sun to be the greatest = 5 ' 57 0 -2, or 5' 57" A when cor- 
rected by refraction. This distance being subtracted from 15' 1 9 *. 5, the dif- 
ference of the semidiameters, leaves 9' 22 0 .\ for the least apparent distanoe of the 
centres. But as that observation was made rather too late, when the distance 
of the centres was greater than it ought to be, he found by calculation that it 
should be diminished by 0*.22. The true apparent least distance of the centres 
by actual observation was therefore 9' 21*.8S. In order to be more secure of 
this result, Mr. Pingrd compared a large number of observed distances, both at 
the beginning and towards the middle of the transit, with the distance deter- 
mined by internal contact, and after excluding every doubtful observation, he 
found the least apparent distance of the centres to be 9 ' 21 0 .6q. By comparing 
this distance with the distance deduced from the total duration, as observed at 
any place (the method of finding which he has given at large in his memoir in- 
serted in the Memoirs of the Academy of Sciences for 1761) and by knowing 
from calculation what influence a parallax of 10* for instance would have on 
those distances, he found the sun’s parallax as in the following table : 


Observed du- L. distance of centres L. dist. deduced Sun's pa- 

nuions. from the durations. from calculation. rallaa. 


Tobohki 5‘ *8“ 53V25 9' 51”. 53 9 ' 52".24 10". 125 

Stockholm 5 50 43.5 9 54.85 9 55.83 10.03 

Upsal 5 50 26 9 55.62 9 55-95 10.23 

Cajanebuig 5 49 54 9 55.6l 9 55.6t 10.00 

Torneo" 5 50 09 9 55.28 9 56.08 10.09 


By taking a mean of these determinations, we find the sun’s parallax to be 
IOM. In the above calculations the sun’s semidiameter was supposed = 15' 
48*. 5, and that of Venus 29*. Observers, says Mr. Pingre, have found the 
former to be about 2" less, and the latter on the contrary half a second 
larger. By calculating on the supposition of a difference of 2" in the dif- 
ference of the semidiameters of the sun and Venus, the least distance of 
the centres at Tobolski, Stockholm, Upsal, Tomea 0 , and Cajaneburg, ought to 
be 3*. 12 less, and at Rodrigues 2*. 5 6 or 2* .60, and the sun’s horizontal paral- 
* • H 2 
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lax Ought also to be O y .17 less. If then this correction be admitted, which is 
warranted by the best observations, the sun’s horizontal parallax will be Q*.Q2. 

There is still another method by which we are enabled to determine the sun’s 
parallax, by comparing the observations made in different places, where the 
effect of parallax on the planet is considerable at the times of the two contacts. 
It was more convenient to make use of the 2d internal contact for this purpose, 
and the observers were very advantageously stationed at St. Helena and the Cape; 
of Good Hope : for by comparing the observations made there, with those at 
Tomea°, Tobolski, and in some of the eastern parts of Asia, the difference of 
the times of the contacts, when reduced to the same meridian, will be .found tO' 
be very considerable, amounting to more than 94- minutes at the first two places 
above mentioned, and being greater, as the places are farther situated to the 
north-east. But if this method be used, it is absolutely necessary that the lon- 
gitudes of the places should be determined with the utmost accuracy, since an- 
error of a few seconds would have a considerable influence on the result, and- 
would increase or diminish the quantity of the sun’s parallax, in proportion.. 
The unfavourable state of the heavens at the time of the internal contact pre- 
vented the Rev. Mr. Maskelyne from making an observation at the Isle of St.. 
Helena; which is the more to be lamented, as his observation would have con- 
firmed or corrected the observation at the Cape if necessary; since the effect of. 
parallax at both places would have been very nearly the same. The observers at 
the Cape were more fortunate, and differed only 4* in their observation of the. 
internal contact. But before we proceed to deduce the quantity of the sun’s> 
parallax, by comparing as well the observation made at Greenwich as those at 
other places, with the observation at the Cape, it will be necessary to lay before; 
the reader the authorities on which the longitude of each place has been, deter- 
mined. 

The longitude of the Cape of Good Hope was not even nearly known till’ the 
Abbe de la Caille went thither in the year 1751. By a comparison of 9 eclipses 
of* Jupiter’s satellites, as well immersions as emersions, observed at the Cape, 
with the corresponding observations made at Paris, the Cape was found, by the 
Abbe de la Caille himself, to be l h 4 m 14* to the east of Paris, or l h I3 m 31* to 
the east of Greenwich. Messrs. Mason, and Dixon observed many eclipses of 
Jupiter’s satellites at the Cape, but the weather wa3 not so favourable here hi 
England. However, by comparing 4 observations made in Surry-street, and. 
one at Greenwich, with those made at the Cape, the difference of longitude at 
a mean is found to be l h 13 m 28*, which Mr. H. has used in the following com- 
putations. 

The internal contact, as reduced from sidereal to apparent time by Mr. Ma- 
son, happened at 2l h 39 m 52V . But on examination it will b* found to have 
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happened later ; for whether we make use of the sun’s mean R. ascension from 
the best solar tables extant, or the sun’s apparent R. ascension reduced to the 
meridian of the place, as determined by actual observation on the day of the 
transit, the true apparent time of the contact will be found to have happened at 
2i h 39' 54' — or at 21 h 39 m 54 *+ if the time by the star Antares be used, whose 
situation was more favourable to an observer in 34° of south latitude. Mr. H. 
therefore supposes the internal contact to have happened at 2l h 39 m 52 s , by tak- 
ing a mean of the two observations.* 

. The Royal Observatory at Paris- was supposed by Sir Isaac Newton, in his 
Principia, to be 9 m 20 s to the east of Greenwich. And the editor of Dr. Hal- 
ley’s tables has followed that determination, which has also been generally used 
by the English astronomers. The French astronomers have till very lately ima- 
gined the difference of meridian to be 9 m 10’, as deduced from a single observa- 
tion of an eclipse of Jupiter’s first 1 satellite made by M. Cassini when in London; 
with a telescope of similar size and construction with that used at Paris when the 
same eclipse was observed. In the year 1734 M. Maraldi published a compari- 
son of 33 eclipses observed at Greenwich by Mr. Flamsteed, and at Paris by the 
French astronomers, 1 9 of which are immersions, and the rest emersions. The 
longitudes resulting from each correspondent observation differ widely from each 
other, the two observatories being 1 l m 27* distant by an immersion of the 2d 
satellite, and only 7 m 43 s by an emersion of the first. But if we take a mean of 
■ the whole, the difference of longitude will be 9 m 24 s ; and if we exclude the ob- 
servation of the 2d satellite above mentioned, which must be very faulty, the 
difference of meridians will be 9 m 22 s , a result which in all probability is but a 
very few seconds from the truth. It may be observed that the immersions all 
give the difference of longitude too great, and almost all the emersions too 
little; a circumstance owing either to the badness of the air here in England, or 
to an inequality in the goodness of the telescopes, or perhaps to both; for what- 
ever was the advantage in observing the immersions, was balanced by the emer- 
sions: for which reason, whenever the eclipses of Jupiter’s satellites are used, 
the longitude should, if possible, be deduced both from immersions and emersions. 

As the observations- of transits of Mercury- may be very useful in Settling the 
longitudes of places which are not far distant, Mr. H. examined the several ob- 
servations made at Paris, and either immediately at Greenwich, or in such parts 
of London whose longitude from Greenwich is known within one second of time. 
And the result of such comparisons is as follows. On the 29th of October 1723, 
Dr. Halley observed the first interior contact of the limbs of Mercury and the 

* Mr. Mason, before be left England, acknowledged,, in a letter to Mr. H., that he bad com- 
mitted a mistake in his calculations, by forgetting to apply to the sun’s place the equation of precear 
sion, which on the day of the transit amounted to — 15 ". 6 . — Grig. 
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sun at 2 h 42 m 26* apparent time at Greenwich. Mr. Bradley observed the same 
at 2 h 42 m 38’, at Wansted in Essex (10* to the east of Greenwich) or at 2 h 42 m 
28 s when reduced to the meridian of Greenwich. Mr. Graham in Fleet-street 
observed the same at 2 h 42 m 19*> or at 2 h 42 m 44*, when reduced to Greenwich. 
The mean of these is 2 h 42 m 32 s . 7- In the observatory at Paris M. Maraldi ob- 
served the same at 2 h 51 m 48 s apparent time ; and M. Delisle at 2 b 51 m 37 s , 
but suspects it might have been some few seconds later. Mr. H. supposes it to 
have happened at 2 h 5 l m 43*.5. The difference of meridians therefore is 9 m 10*.8. 
If we take a mean of Dr. Halley’s and Mr. Bradley’s observations only, the differ- 
ence of meridians is 9 m 16 s .. 1 ). 

In 1736, Dr. Bevis observed the last contacts of the limbs of Mercury and the 
sun at 0 h 8 m 33* at Greenwich. The same was observed at Paris by M. Maraldi 
and M. Cassini de Thury, and at Thury by M. Cassini, at 0 h 18 m 5*.5 by a mean 
of the 3 observations. The difference of longitude therefore is 9™ 32*.5. In 
1 743, the last internal contact of the limbs was observed by Mr. Graham, in 
Fleet-street, at l h 0 m 42% and by Dr. Bevis at Beaufort-Buildings, in the Strand, 
at l h O ra 33* or by a mean of both, when reduced to the meridian of Green- 
wich, at l h l m 04*. — Die same was observed by the Abbe de la Caille, Mess. 
Maraldi, Monnier, and Cassini the son, at Paris, and by M. Cassini at Thury ; 
which observations when reduced to the meridian of the Royal Observatory, give 
l h 10 m 15*.5 for the time of the internal contact; the difference of meridians is 

therefore 9 m 12*.5. By a mean of the observations of Mr. Graham and.Dr. 

Bevis, when reduced to Greenwich, the last external contact on the same day 
happened at i h 2 m 42‘; and by a mean of the observations in France, the same 
happened there at l h I2 m 10 s . The difference of longitude therefore is 9 m 28*. 

In 1753 was another transit of Mercury, when the unfavourable state of the 
heavens, a few seconds before the time of the internal contact, prevented any 
observations from being made at Greenwich, as appears from a paper communicated 
to Mr. H. by the executors of the late Dr. Bradley. Both contacts however 
were luckily veiy well observed by Mr. Short, Dr. Bevis, and Mr. Bird ; by a 
mean of whose observations, reduced to the meridian of Greenwich, the internal 
contact happened at I0 h 9 m 37*.5. The same contact was observed by 13 ob- 
servers at Paris, and was found not to happen sooner than I0 h l8 m 36*, nor later 
than 10* 1 19“ 3*. But by a mean of all, at I0 h 18“ 45*. The difference of me- 
ridians therefore is 9“ 7*-5. By a mean of the observations of Mr. Short, Dr. 
Bevis, Mr. Bird, Mr. Canton, and Mr. Sisson, all reduced to the meridians of 
Greenwich, the external contact happened at I0 b 12“ l7'-5 ; and at the Royal 
Observatory, by a mean of alt the observations at Paris, at I0 h 21 m 33*. The 
difference of longitude therefore is 9 m 1 5*.5^ And if we take a mean of these 7 
results, the Royal observatory at Paris will be found to be 9 ra 17 ’t to the east of 
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the Royal observatory at Greenwich ; a determination very nearly agreeing with 
that mentioned by Sir Isaac Newton, and which Mr. H. believes was deduced 
rom a comparison of Dr. Halley’s and Mr. Cassini’s observations. 

The Abbe de la Caille, in his memoir on the parallax of the moon, supposes- 
the difference of meridians to be 9 m 17% though he has not mentioned from what 
authority he drew that conclusion. Mr. H. therefore supposes the difference of 
meridians to be 9 m 17*. — The last internal contact was observed at Paris by M. 
dela Landeat 20^28 m 25* or 26’; at 20 h 28“ 26* by Father Clouet, and by M. 
Maraldi and M. Barros separately at 20* 28 m 42*. Mr. Pingre, in a very curious 
memoir on the sun’s parallax already referred to, supposes the internal contact to 
have happened at Paris at 20 h 28 “ 38*. Mr. H. therefore makes use of the Abbe 
de la Caille’s observation at 20 h 28“ 37*1 * 

The difference of meridians between Paris and Stockholm, says Mr. Wargen- 
tin, is l h 2 m 5I* or 52* at most. M. de la Lande, from a comparison of 17 ob- 
servations of the first satellite of Jupiter, made from 1750to 1759, and commu- 
nicated to him by Mr. Wargentin, determines the difference of longitude to be 
jh 3m io». And the Abbe de la Caille, in his memoir on the moon’s parallax, 
supposes it to be l h 3® 13*. As these last two determinations agree so nearly 
together, Mr. H. supposes Stockholm to be l h 3 m 10* to the east of Paris, and 
l h i2 m 27* to the east of Greenwich ; and the last internal contact to have hap- 
pened at 21 h 30™ 09* 5, which is a mean between the observations of Mess. War- 
gentin and Klingenstiern. 

The city of Cajaneburg in Sweden is 38 rt 40* to the east of Stockholm, ac- 
cording to very late observations ; and therefore Cajaneburg is lh 51 m 7* to the 
east of Greenwich. Tlie 2d internal contact happened at 22 h 7 m 59% when the 
error in writing down the minutes is corrected according to the instruction given 
in Philos. Trans, for 1761. Indeed (supposing the longitude of Cajaneburg as 
above set down to be exact) it is very easy to prove that the error of one minute 
.was made at the egress, rather than at the ingress. 

The city of Tobolski in Siberia (according to the observation of the end of the 
aolar eclipse on June 3d, by Mr. Chappe and Mr. Planmann at Cajaneburg, and 
calculated by Mr. Ptngr6) is 2 h 42 ra 1 I s to the east of Cajaneburg ; and this de- 
termination is also confirmed by Mr. Wargentin’s observation of the same phase. 
Tobolski therefore - is 4*> 33 m 18* to the east of Greenwich ; and Mr. H. supposes 
Mr. Chappe to have observed the last internal contact at O'* 49 m 23*4, without 
making any allowance for the luminous ring which appeared round Venus in his 
telescope. 

The observatory at Upsal (according to Mr. Wargentin in the Philos. Trans.,) 
is l h l m 10* to the east of Paris, and is therefore l h 10® 27* to the east of Green- 
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wich. By taking a mean of the 3 observations made there, the internal contact 
happened at 21 h 28 ra 6*. 

Tornea 0 has been generally supposed to be l h 27™ 30 s to the east of Paris ; 
but with this difference of meridians, the observations at Tornea 0 , though made 
by Mr. Hellant, a very excellent observer, will give a parallax of the sun much 
4ess than the other observations made in high northern latitudes. In order to. 
settle the longitude of this place, Mr. H. is of opinion that we may have recourse 
with safety, and without incurring the charge of reasoning in a circle, to the 
observation of the transit itself ; viz. the observation of the internal contact at 
the ingress. Whether we suppose the sun’s parallax to be 8 // or 10*, the first in- 
ternal contact would have happened sooner at Tornea 0 than at Stockholm 1 9* or 
24*. As the sun’s parallax will readily be allowed to bfe more than 8", Mr. H. 
supposes the first internal contact to have happened 21* sooner. Tornea 0 is 
therefore 2'4 m 55 s to the east of Stockholm, and consequently l h 37 m 22* to 
the east of Greenwich. Mr. H. makes use of Mr. Hellant’s observation 
of the internal contact, at 2l h 54 m 8*, in preference to that of Mr. Lagerbom. 

Abo, the capital of Finland, where Mr. Justander observed the last internal 
contact, at 21 h 45 m 19’ (when a correction is made in the minutes) is l h 1 l m 29* 
to the east of Paris, and l h 28 ,,, 34* to the east of Greenwich. At Hemosand, 
which is l h ll m 29' to the east of Greenwich, Mr. H. supposes the 2d internal 
contact was observed at 21 h 28 m 52*, as published in the Philos. Trans, by Mr. 
Short, from the Swedish acts. Mr. H. finds the island of Rodrigues, by com- 
paring 3 observations of eclipses of Jupiter’s satellites, with others made in Eng- 
land and at the Cape, to be 4 h I2 ra 38’ to the east of Greenwich ; and this de- 
termination is exactly confirmed by Mr. Pingr6’s comparison of the same eclipses. 
The observation of the occultation of a fixed star gives the longitude 6* or 7* 
greater. In the Philos. Trans., and even in the former part of the volume of 
the Memoirs of the Academy of Sciences for 1761, we find the internal contact 
was observed at Rodrigues at O’ 1 34 m 47*. And yet in the memoir on the sun’s 
parallax it is said to have happened at O h 36 m 49*. On comparing this latter with 
the time by the clock, it should seem that Mr. Pingr6 had committed a mistake 
in subtracting the error of his clock instead of adding it. But he has no where 
mentioned any reason for this difference. 

Gottingen, where the celebrated Mr. Mayer observed the first internal contact 
at 20* 1 58 m 26* to the east- of Paris, is 30 m l6* or 39™ 33* to the east of Green- 
wich. The Abbe de la Caille .has placed Bologna 36 m 3* to the east of Paris. 
By comparing the observations of the transit of Mercury, Mr. H. finds by a mean 
of 3 results, agreeing very nearly together, that Bologna is 45 m 1 5* to the east of 
Greenwich. Zanotti observed there the 2d internal contact at 21 h 4 m 34*. But 
as he used a refracting telescope of 2| feet, and as two other observers with tele- 
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scopes of 10 and 22 feet saw the contact 24* later, ‘Mr. H. supposes if to have 
happened at 2l h 4 m 58 s . At Florence, the internal contact was observed with a 
reflector of more than 4 feet, at 21 h 4 m 28* by Father Ximenes. The longitude 
of this .place is 34“ 48* to the east of Paris, accordiug to the table in the Cou- 
noissance. des Mouvemens Celestes, or 35 m 58* according to the table in the 
Elemens d’Astronomie by M. Cassini. . By taking a mean of both, Florence is 
44 m 40* to the east of Greenwich. The longitude of St. Peter’s at Rome is 4<) ra 
54* according to the French astronomers. 'Hie internal contact was observed to 
happen at 21 b 9 m 36*. But as it is not said where this observation was made, the 
longitude given above will be found to be somewhat inaccurate. 

' Observations were also made at Madrid and Lisbon : at the former, the inter- 
nal contact happened at 20 h 6 m 56* apparent time ; and at Lisbon at 19 h 44 m 26*. 
The longitude of Madrid as given in the Philos. Trans, is certainly erroneous'; 
being more than a minute and a half too little, if the observation of the transit 
can be depended on. At Lisbon, the longitude of the place was not determined 
by M. Ciera, who observed the transit, when Mr. Pingr6, from whom Mr. H. 
had taken the observation, left it in his way from Rodrigues. From the best 
accounts that he can collect, particularly from the 385th number of the Philos. 
Trans., and from an account of some observations by Mr. Short, Lisbon is pbout 
36 m 26* to the west of Greenwich. 

Now in order to deduce the sun’s parallax from the observations related above, 
Mr. H. proceeded in the following manner. Having subtracted the difference of 
longitude between Greenwich and the Cape, = l h 13 1 " 28’, from 21 h 39 m 52* the 
mean of the observed times at the Cape, and compared the remainder with the 
observed time at Greenwich, he finds that the internal contact was observed 7" 
24* later at the Cape than at Greenwich on account of the parallax. He then 
calculated what would be the effect of parallax at each place, supposing the sun’s 
parallax to be 9 seconds ; and found that the time of the internal contact would be 
accelerated l m l6\63 at Greenwich, and retarded 6“ 31 ‘.9 at the Cape : the whole 
effect of parallax therefore is 7“47'*72. But the difference in time as found by 
observation, is only 7 m 24* : and therefore the difference by calculation is to the 
difference by observation, as the assumed parallax is to the true parallax on the 
day of the transit, which by this observation is 8'.543. The paralla^ resulting 
from each observation will be found in the following table, which will be sufficiently 
explained by the foregoing example. 
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rut m* 

Greenwich 

Pirii 

Stockholm 

Upssl. 

Csianeburg .... 

Tobobki 

Tomea* 


OUT. ofala* Diff. of obaer- S*u»'« Pwr- 
Utcd times, v«*l timet. alias. 

. 7 m 47*.72. . 7* 2** . . 8".543 

7 28.40.. 7 8. 5.. 8.49 

8 53.72.. 8 41-5.. 8.712 

9 1.83 . . 8 45 . . 8.727 

9 42-30.. 9 32 ..8.841 

10 29. 6.. 10 18.5.. 8.848 
9 48.95. .9 38 ..8.832 


Places. 

DMF. of ealett- DMLeTabwr. 

LaUd time*. red ill—. 

IMI Par- 
allax. 

Abo 

.. 9“ 1 l\l6. . 8“ 59* 

. . 8".30l 

Hernosand .. , 

.. 9 

21.17 ..9 

1 

. . 8.575 

Rodrigues 

3 

19.72 ..2 

15 

..5.993 

Gottingen .... 

..7 

54 . 35 . . 7 

31 

. . 8.558 

Bologna 

..7 

3.31 . . 6 

41 

..8.525 

Florence 

. 6 

57.79.-5 

35 

..8.535 

Rome. 

6 

45.15.. 5 

41 

..8.907 


Such is the result of a comparison of the best observations, made in places 
whose longitudes are as accurately ascertained as the present state of astronomy 
will permit ; by a mean of the whole, rejecting only the observation at Rodrigues, 
the sun’s parallax on the day of the transit is 8*.6Q2. — Mr. H. has excluded the 
comparison of the observation at Rodrigues, because the parallax resulting from it 
differs so considerably from the rest. If we suppose the internal contact to have 
really happened one minute sooner, through a mistake in writing down the obser- 
vation, the parallax will then be 8*. 697* 

This observation made at Rodrigues, supposing it exact, will furnish another 
term with which to compare the several observations made in Europe. The sun’s 
parallax resulting from each observation may be seen in the following table. 


Placet. 

Diff. ol 
calculated 
tines. 

Diff. of 
observed 
times. 

Sub's 

parallax 

Diff. of 
obserrod 
times. 

Son*. 

parallax. 

Greenwich 

4-28* 00 

5* 11*. 

10". 444 

4*i r. 

8".429 

Pfcris 

4 8.98 

4 50.5 

10.500 

3 50.5 

8.332 

Stockholm .* 

5 39.00 

6 28*5 

10.314 

5 28.5 

8.721 

Upsal 

5 42.11 

5 32 

10.312 

5 32 

8.734 

Cajaneburg * 

5 22.58 

7 19 

10.327 

6 19 

8.91 A 

Tobolski 

7 934 

8 5.5 

10.177 

7 5.5 

8.919 

Tomea® 

5 29-23 

7 25 

10.289 

6 25 

8.902 

Abo 

5 51.45 

5 47 

10.422 

5 47 

8.885 

Hernosand 

5 1.45 

5 49 

10.183 

5 49 

8.690 

Gottingen 

4 34.54 

5 18 

10.421 

4 18 

8.454 


3 43.59 

4 33 

10.787 

3 33 

8.87* 

Florence 

3 38. 7 

4 23 

10.854 

3 23 

8.449 

Cape of Good Hope 

3 10.72 

4 13 

5.993 

3 13 

8.697 


The mean of the whole, rejecting the comparison of the Cape, is lO'Uig; 
supposing the internal contact to have happened at 49*. But if a mis t ake 
of one minute was really committed, the 3d column will receive a considerable 
alteration, and the parallax resulting from each observation will be represented in 
the last column, the mean of which is 8'.654, agreeing as nearly as possible 
with the parallax resulting from all the best observations compared with the 
Cape. 

Mr. Pingr6 finding the parallax resulting from his own observation, to coffer 
so widely from that deduced from the Cape, and that both observations might be 
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made to agree by supposing an error of one minute in the observation at Rodri- 
gues, has examined every source of error that might be committed ; and on the 
whole sees reason to prefer his own observation to that of Mr. Mason, not be- 
cause he could find no mistake in his own, but because he has proved that no 
mistake could possibly be committed. His observation indeed is in some mea- 
sure confirmed by comparing all the observations with that at Lisbon ; from 
which comparison, if the longitude above laid down may be depended on, the sun’s 
par«ilnT is somewhat more than 10 seconds. The several observations that have 
bee n compared with the observations both of the Cape and Rodrigues, may also 
be compared together ; and by combining some of them we may obtain different 
results, on which we may more or less depend, as the differences between the 
observed times are greater or less. 


Places compared. 


Tobolsk! tod Greenwich 
Tobolski and Paris. . . . 
Tobolsk! and Gottingen 
Tobolsk! and Stockholm 
Tobolsk! and Upsal. . . . 
Tobolsk! and Bologna. . 
Tobolski and Florence 
Stockholm Sc Greenwich 
Stockholm and Paris.. 
Stockholm and Bologna 
Stockholm and Florence 
Tomes'* and Gottingen 
Tornea 0 and Paris .... 
Tornea* and Greenwich 
Cajanebarg ^Greenwich 
Cajanebarg and Paris. . 


Diff: of 
calculated 
times. 

DifT. of 
observed 
times. 

Sun's 

parallax. 

2“41 # .34 

2“54*.5 

r .734 

3 

0.36 

3 

15 

9736 

2 

34.70 

2 

47.5 

9 744 

1 

30.34 

1 

37.0 

9.663 

l 

27.23 

1 

33.5 

9.646 

3 

25.75 

3 

37.5 

9.513 

3 

31.27 

3 

42.5 

9-5 25 

1 

11. 0 

1 

17.5 

9- 824 

1 

30.02 

1 

38 0 

9-797 

l 

55.4! 

2 

0.5 

9.396 

2 

0.93 

2 

5.5 

9-340 

l 

54.59 

2 

7 

9-974 

2 

20.25 

2 

34.5 

9914 

2 

1.23 

2 

14 

9948 

l 

54.58 

2 

8 

10.054 

2 

13.60 

2 

28.5 

10.003 


Places compared. 


Cajanebarg AGottingen 
Cajanebarg and Florence 
Cqaneburg and Bologna 

Upsal and Paris 

Upsal and Greenwich. . 
Hemosand and Paris . . 
Hemosand Sc Greenwich 
Hemosand and Bologna 
Hernosand apd Florence 

I Abo and Paris 

Abo and Greenwich . . 
Abo and Bologna .... 

I Abo and Florence .... 
Tornea" and Bologna. . 
iTornea* and Florence. . 
{Greenwich and Paris. . 


The mean of the whole is 9"*695. 


DifT. of 
Osculated 
times. 

DifT. of 
observed 
times. 

Sun's 

paralla*. 

V 

“47V94 

2 1 

■ r. 

10".088 

2 

44.51 

2 

56 

9-628 

2 

38.99 

2 

51 

9.679 

1 

33.13 

1 

4 1 

9.808 

1 

14.11 

1 

21 

9.836 

1 

52.47 

1 

57.5 

9-402 

1 

33.45 

1 

37 

9.342 

2 

17.86 

2 

20 

9139 

2 

23.38 

2 

25 

9-101 

l 

42.46 

1 

55.5 

10.145 

1 

23.44 

- 

1 

33 

10.031 

2 

7.85 

2 

18 

9714 

2 

13.37 

2 

23 

9-649 

2 

45.64 

2 

57 

9.617 

2 

51.16 

3 

2 

9-569 

0 

19-02 

0 

20.5 

1 9-700 


It has been shewn that the parallax resulting from the total durations is Sf'*579 

— from a comparison of the observation at Madras with those of Tobolski and Cajanebuig is 9.763 

— from a comparison of the observed, with a calculated duration without parallax is 9.724 

— from the least distance of the centres 9.920 

— from the observations combined together is 9.695 


It can hardly be supposed, as such different methods give a parallax of the sun 
on the day of the transit equal to gf.736, that this parallax should yet be only 
8 '’.692, as deduced from a comparison of the observations with the Cape, while 
the same observations compared with those of Rodrigues and Lisbon show that 
the parallax exceeds 10 seconds. Let us therefore suppose that the observers at 
the Cape have set down their observation one minute too soon, (though it must 
be confessed that the time of the duration at the egress cannot warrant such a 
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correction,) and that the time of the internal contact should have been observed 
at21 h 40 m 52*; the parallax by taking a mean will then be 9 i '*732, exactly 
agreeing with a mean of all the other determinations. And in this quantity of 
the sun’s parallax we must either acquiesce, or remain as ignorant of the true ' 
quantity of it as we were before, till we can have recourse to the next transit on 
June 3d, 1769, when the planet Venus will again pass over the sun’s disk, having 
something more than 10 minutes of north latitude; and will be so favourably cir- 
cbmfctanced, that if the errors in observing each contact do not exceed 4* or 5*, the 
quantity of the sun’s parallax may be determined within less than part of the 
whole ; as the total duration, or the interval between the two internal contacts, 
will be found to be about 18 minutes longer at.Tomea 0 than at Mexico. But 
the several circumstances of that transit must be the subject of a future paper. 
Let it suffice at present to observe, that it will in part be visible to the inhabitants 
of this island, as Venus will be seen wholly entered on the sun’s disk more than 
half an hour before the time of sun-set at Greenwich. 

LVI. On the Locus for Three and Four Lines, celebrated among the Ancient 
Geometers. By H. Pemberton, M. D., R. S. Land, el R. A. Berol. S. p. 496. 

My worthy friend, and associate in my early studies, the collector* of the late 
Mr. Robins’s mathematical tracts, thought it conducive to a more complete vin- 
dication of the memory of his friend against an insinuation prejudicial to his can- 
dour, to make some mention of the course I took in my early mathematical 
pursuits, and how soon I became attached to the ancient manner of treating geo- 
metrical subjects. This gave occasion to my looking into some of my old papers, 
among which I found a discussion of the problem relating to the locus ad tres et 
quatuor lineas, celebrated among the ancients, which I then communicated to a 
friend or two, whose sentiments of those ancient sages were the §ame with mine. 
What I had drawn up on this subject is contained in the papers following. 

The describing a conic section through the angles of a quadrilateral with two 
parallel sides, is so ready a means of assigning loci for the solution of solid pro- 
blems, that it cannot be doubted but this gave rise to the general problem con- 
cerning 3 and 4 lines mentioned by Apollonius, and described by Pappus;, and it 
may be learned from Sir Isaac Newton, who has considered the problem, how 
easily the most extensive form of it is reducible to the case which probably gave 
rise to it. 

Sir Isaac Newton refers the general problem to this w any quadrilateral abcd, 
(6g. 1, pi. 2) being proposed, to find the locus of the point p, whereby pro 
being drawn parallel to ac, and spt parallel to ab, the ratio of the rectangle 

* Dr. James Wilson. 
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contained under op, pr to that under sp, pt, shall be given ; and this by pursuing 
the steps, by which he proves that the point p will in every quadrilateral be in a 
conic section, may be readily reduced to the case of a quadrilateral with 2 sides 
parallel, after this manner. Draw Bt and on parallel to Ac ; then find the point 
u in nd, so that the rectangle under mdn be to that under anb in the ratio given ; 
and draw cr wid. Here Rr will be to aq, or sp, as mo to an, and Bt, or op, to 
Tt as no to nr; whence the rectangle under Rr, op, will be to that under sp, t t, 
as that under mdn to that under anb, that, is, in the ratio given of the rectangle 
under rpo to that under spt. Therefore, by taking the sum of the antecedents 
and of the consequents, the rectangle under rpo will lie to that under sp/, that 
is, to the rectangle under aob, in the quadrilateral abc d, whose two sides ac, 
b d, are parallel, in the given ratio. 

In like manner, if 3 of the given lines passed through one point, as the lines 
ca, cb, co> fig. 2, and the rectangle under opr be to that under spt in a given 
ratio, this case is with the same facility reduced to the like quadrilateral thus.' . • 

Draw be parallel to ac, that shall cut st produced in /; and let the point f be 
taken, so that the rectangle under ca, ef, be to the square of ab, in the ratio 
given; then crp being drawn, B/,.or op, will be to Tt , as ac to ab, and ar to ao, 
or sp, as bf to ab; whence the rectangle under op, ar will be to that under Tt, 
ar , as that under ac, ef, to the square of ab, that is, in the given ratio of the 
rectangle under opr to that under spt ; and the rectangle under opr will be to 
that under art or aob, in the quadrilateral abcf, whose two sides ac, bf are 
parallel, in the same given ratio. 

• Now let abcd be a quadrilateral having the two sides ac, bd parallel, with any 
conic section passing through the 4 points a, b, c, d, fig. 3, 4, 5 ; also, the 
point b being taken in the section, and bfg being drawn parallel to ac or bd, 
let the ratio- of the rectangle under aob to the rectangle under peg be given: 
then the conic section will be given. — Let the sides ab, cd meet in m, and draw 
mi bisecting ac and bd in k and l. Then the diameter of the section, to which 
ac and bd are lines ordinately applied, will be in the line mi ; and if np, os be 
tangents to the section, and parallel to ac and bd, fig. 3, 4, the points o, b, in 
which they intersect mi, will be the points of their contact, and the vertexes of 
that diameter. But the square of no is to the rectangle under anb, and the 
square of or to the rectangle under aob, as the rectangle under bgh or peg, to 
that under agb, therefore in a given ratio; but the ratio of nm to no, the same 
as that of qm to or, is also given; whence the ratio of the square of nm to the 
rectangle under anb, or of the square of om to the rectangle under kol, is 
given, as also the ratio of the square of rm to the rectangle under krl. 

Now in the ellipsis the square of mo, the distance of the remoter vertex of 
the diameter or from m, fig. 3, is greater than the rectangle under kol; that is. 
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the given ratio of the rectangle under fbg to that under agb, must be greater 
than the ratio of the square of half the difference between ac and bd to the 
square of ab. But in the hyperbola the square of mo is less than the rectangle 
under kol, by which the ratio of the rectangle under fbg to that under agb, 
shall be less than that of the square of half the difference between ac and bd to 
the square of ab,* fig. 4. 

In both cases, if the point t be such, that the rectangle under mot be equal 
to that under lok, fig. 3, 4, by which mo shall be to ot in the given ratio of 
the square of mo to the rectangle under lok, the given rectangle under kml will 
be to the rectangle under ltk (by prop. 35, 1. 7, Papp.) in this given ratio, and 
therefore given; consequently the points t and o will be given. In like manner, 
if the rectangle under mhv be equal to that under lrk, so that mr be to bv in 
the given ratio of the square of km to the rectangle under lbk, the given rect- 
angle under kml (by prop. 22, 1 . 7» Papp.) will be to the rectangle under lvk, in 
the same given proportion, whence the points v and r will be given. Thus in 
both cases the points t and v will be found by applying to the given line kl a 
rectangle exceeding by a square, to which the given rectangle under kml shall 
be in the given ratio of the square of mo to the rectangle under kol, or of the 
square of mr to the rectangle under krl; mo being to ot, and mr to rv, in 
that given ratio. 

But in the last place, if this given ratio be that of equality, so that the square 
of rm be equal to the rectangle under krl, fig. 5, by adding to both the rect- 
angle under mrl, that under rml will be equal to that under km, lr, and mr to 
rl as km to ml, and the vertex r of the diameter ri will be given, the conic 
section being here a parabola, this diameter having thus but one vertex. 

Hitherto the point b, when the line bpg falls between ac and bd, is without 
the quadrilateral, and within the lines ab, cd, when efg is without the quadri- 
lateral. But when b is within the lines ac, bd in the first case, and without in 
the second, the locus of the point e will be opposite sections, each passing 
through two angles of the quadrilateral. 

When one section passes through a and c, and the other through b and d, 
then if the diameter mi be drawn, as before, and to kl be applied a rectangle 
deficient by a square, to which the given rectangle under kml, fig. 6, shall be 
in the given ratio of the square of mo to the rectangle under kol, or of the 
square of mr to the rectangle under krl, the points t and v, constituting the 

* As the square of oh shall be greater or less than the rectangle under kol, the square of sm 
will be respectively greater or less than the rectangle under anb; therefore the ratio of the square 
of no to the rectangle under anb, that is, of the rectangle under tig to that under agb, will be 
accordingly greater or less than the ratio of the square of no to the square of nm, which is the same 
with that of the square of the difference between ak, bl to the square of ab.— O rig. 



Die : ized 


Google 



PHILOSOPHICAL TRANSACTIONS. 


63 


VOL. LUI.j 

rectangles under ktl and under kvl, being thus found, mo will be to ot, and 
ms to bv, in this given ratio (by prop. 30 1. ^ JPapp.) o and t being the vertexes 
of the diameter Mi. But the rectangles under ktl, kvl cannot be assigned, as 
here required, unless the ratio given for that of the square of om to the rect- 
angle under kol, or that of the square of bm to the rectangle under krl, be not 
less than that of the rectangle under kml to the square of half kl; that is, 
when the ratio of the square of on to the rectangle under anb, and that of the 
square of bo to the rectangle under aob, or that of the_ given ratio of the rect- 
angle under fbg to that under aob, is not less than that of the rectangle under 
ak, bl to the square of half ab, or of the rectangle under ac, bd to the square 

of AB. 

But if one of the opposite sections pass through a and b, and the other through 
c and n, the ratio of the rectangle under fbg to that under agb, will be less 
than that of the rectangle under ac, bd to the square of ab, fig. 7 . For cl 
being drawn parallel to ab, and ad joined and continued to m, the line dm falls 
wholly within the section passing through c and d: therefore km is less than kl, 
-and the ratio of kd to kl le86 than that of kd to km, that is, of bd to ab; 
whence bk being equal to ac, and ck to ab, the ratio of the rectangle under 
bkd to that under ckl, being the ratio of the rectangle under bgh, or fbg, to 
that under agb, will be less than the ratio of the rectangle under ac, bd to the 
square of ab. And here the point l is given; for the given rectangle under bkdt 
is to that under ckl, in the given ratio of the rectangle under hob, or that under 
peg, to the rectangle under agb ; hence ck, equal to ab, being given, kl is 
given, and consequently the point l. 

Again, bl being joined, and nbop drawn parallel to ab, also gef continued 
to a, as ag, equal to ca, is to pg so will ck be to dk, and op to eg, equal to 
ob, as kl to bk; consequently the rectangle under op, ag will be to that under 
bg, fg, as that under kl, ck to that under kb, dk, that is, as the rectangle 
under agb to that under fbg; and, by combining the antecedents and conse- 
quents, the rectangle under pen will be to that under obg in the same given 
ratio. 

Moreover dk being to ac as km to cm, the ratio of dk to ac, that is, the ratio* 
of the rectangle under bkd to the square of ac, will be less than the ratio of kl 
to cl, or the ratio of the rectangle under ckl to that under ab, cl; therefore, 
by permutation and inversion, the ratio of the rectangle under ckl to the rect- 
angle under bkd, that is, the given ratio of the rectangle under nep to that 
under anc, equal to that under gbo, is greater than the ratio of that under ab, 
cl to the square of ac. And hence, the opposite sections passing through the 
angles of the quadrilateral as cl, whose sides ab, cl are parallel, will be given 
as before. 
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When the given ratio of- the square of om to the rectangle under lok shall be 
that of the rectangle under kml to the square of half kl, fig. 6, by which the 
. given ratio of the rectangle under peg to that under agb shall be that of the 
rectangle under ac, bd to the square of ab, the points t and v shall unite in 
one, bisecting kl, and the points o and r shall also unite in one, dividing the 
line klm harmonically; and then the locus of the point b will be each of the 
diagonals of the quadrilateral. 

In the last place, if the diagonals ad, bc of the quadrilateral were drawn, 
cutting gb in i and k, fig. 8, and the ratio of the rectangle under kei to that 
under aid were given, and not that of the rectangle under gbf to that under 
agb ; then the intersection of these diagonals, as l, will be in the line drawn 
from m bisecting ac, and bd, and the point l will fall within the quadrilateral, by 
which the locus, when an ellipsis or single hyperbola, will be assigned by the 
36th prop, of the aforesaid book of Pappus; and when opposite sections, by the 
30th prop, or be reduced to the preceding cases thus: since kg will be to gb as 
ca to ab, and ig to ga as bd to ab, the rectangle under kgi will be to that un- 
der agb, in the given ratio of the rectangle under ac, bd to the square of ab. 
Therefore when the ratio of the rectangle under kei to that under aid is given, 
the rectangle under aid also bearing a given ratio to that under agb, the ratio 
of the rectangle under kei to that under agb will be given; and in the last place 
the ratio of the rectangle under grf to that under agb will be given, this rect- 
angle under gef being the excess of that under kgi above that under kei, by 
prop. 193, lib. 7, Papp. And thence the sections will be determined, as before. 

And thus may the locus of the point sought be assigned in all the cases of 
this ancient problem, which Sir Isaac Newton has distinctly explained. The 
other cases, he has alluded to, may be treated as follows. When 3 of the given 
lines shall be parallel, as ac, bd, and hi, the 4th line being ab, fig. 9, and 
kelm being parallel to ab, the ratio of the rectangle under kel to the rectangle 
under eg and em shall be given ; that is', 3 points a, b, and h being given in the 
line ab, with the line ge insisting on ab in a given angle, that the rectangle 
under agb shall be to that under gh and ge in a given ratio: then take an 
equal to bh, and draw no parallel to ac, bd, and hi.— Then if np be drawn, 
so that po be to on in the given ratio, np will be given in position, and po will 
be to on, that is, eg, as the rectangle under kbl to that under meg; so that 
the rectangle under kel will be equal to that under po, em. But the rectangle 
under okm is equal to the excess of that under oem above that under kel, by 
prop. JQ4, lib. 7, Papp*; therefore the rectangle under okm, or that under nah, 
or under nbh, is equal to that under em and the excess of oe above op, that is, 
to the rectangle under pem ; the point E therefore is in an hyperbola described to 
the given asymptotes pn, mh, and passing through A and b. 
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Again if two of the given lines only are parallel, but the rectangles otherwise 
related to them, than as above. Suppose the ratio of the rectangle under 
ag, bp to that under bg, ge is given. Let cd meet ab in l, and let hei, mfn 
be drawn parallel to ab, and lk parallel to aq and bd, fig. 10. Then the 
parallelogram eu will be to the parallelogram eb in the given ratio. Take ao 
to ob in that ratio, and draw op parallel to ac and bd. Here the point o will 
be given, and the parallelogram pa will be in the given ratio to the parallelogram 
pb ; whence ab will be to bo as the parallelogram bh to the parallelogram bp, 
and as the difference between the parallelogram em and eb to the parallelogram 
eb, consequently as the parallelogram gm to the parallelogram pg ; therefore 
the ratio of the rectangle under ag, eg to the rectangle under eg, ep or og 
will be given ; and in the last place the ratio of fg to gl being given, the ratio 
of the rectangle under ag and gl to that under- eg, og will be given. And 
thus 3 points a, l, o, will be given, with ge insisting on ab in a given angle, 
as in the preceding case. 

Moreover, ac and bd being parallel, ab and CD may be also parallel, fig. 11. 
And then, when the ratio of the rectangle under agb to that under gef is 
given, the determination of the locus is so obvious as not to have required a 
distinct explanation. But when the rectangle under ag, bf bears a given ratio 
to that' under bg, ge ; let the diagonals ad, bc be drawn, and helk drawn pa- 
rallel to ad. Then the rectangle under hel will be to that under kei in the 
same given ratio ; and if cm be taken to mb in the same ratio, the lines mnp, 
uoo drawn, the first parallel to ac, bd, and the other parallel to ab, cd, will be 
given in position, and the diagonal bm will bisect both ik, no, and Hl ; there- 
fore the rectangle under hel being to that under kbi as mc to mb, that is, as 
nh to nk, here by division the rectangle under hbl will be to that under ihk, 
by the prop, of Papp. before cited, as nh to hk ; therefore equal to that under 
nh and ih or kl. But the rectangle under i»eo is equal to the sum of the 
rectangles under hnl and under hbl, by the same; therefore the rectangle un- 
der neo is equal to that under nh, nk, equal to that under apd, that is, equal 
to that under paq, or that under pdq, the diagonal bm bisecting both pa and 
ad. But thus the point e is in an hyperbola described to the asymptotes mn, 
mo, and passing through a and d. 

The determination of this locus for 3 lines is solved almost explicitly by 
Apollonius in the last 3 propositions of his 3d book of Conics. For if the 3 
lines proposed were ab, ac, bc, fig. 12, 13, 14, and the point sought d, so that 
the ratio of the rectangle under edf (the line ef being drawn parallel to bc) 
should be in a given ratio to the square of a line drawn from d to bc in a given 
angle, the -square of which line will be in a given ratio to the rectangle under 
be, cf; then if bh, ci are drawn parallel to ac and ab respectively, also bdl, 
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cdk drawn through d, the square of bc will be to the rectangle under bk, cl, 
as the rectangle under dp, de, to that under cf, be. Hence, if the ratio of 
the rectangle under dp, de to the square of a line drawn from d on bc in a 
given angle, be given ; the square of this line being in a given ratio to the rect- 
angle under cf, be, the ratio of the rectangle under bk, cl to the square of bc, 
will be given ; whence a conic section passing through d will in all cases be 
given. 

In the first place let the point d be within the angle bac, fig. 12. Then if 
bc be bisected by the line am, this will be a diameter to the conic section, which 
shall touch ba, ac in the points b, c, and bc will be ordinately applied to that 
diameter ; the vertex of this diameter being n, the given ratio of the rectangle 
under bk, cl to the square of bc, will be compounded of the ratio of the square 
of mn to the square of na, and of the ratio of the rectangle under bac to the 
4th part of the square of bc ; and thus the line am will be divided in n in a 
given ratio, and the point n, one vertex of the diameter, to which bc is ordi- 
nately applied, will be given. — If an be equal to nm, the point n will be the 
only vertex of this diameter, and the section will be a parabola. — Otherwise by 
taking the point o in am extended, so that the ratio of ao to om be the same 
with that of an to nm, the point o will be the other vertex of the diameter. 
And here, if the ratio of an to nm be that of a greater to a less, the point o 
will fall beyond m from a within the -angle bac, the conic section being an 
ellipsis. But if the ratio of an to nm be that of a less to a greater, the point 
o will fall on the other side of a, and the section will be an hyperbola, fig. 13* 
And in this case if the opposite section be drawn, that also will be the locus of 
the point d within the angle vertical to the angle bac. 

In the last place, if d be in either of the collateral angles, am drawn as be- 
fore will contain a secondary diameter in opposite sections, one of which shall 
touch ba in b, and the other ca in c, fig. 14. Then if one of these sections 
pass through d, the sections will be given. For here pao being drawn through 
a parallel to bc, the given ratio of the rectangle under cl, bk to the square of 
bc will be the same with that of the given rectangle under bac to the square of 
ap : therefore ap is given, and thence the sections. For let bs be the secondary 
diameter, to which bc is ordinately applied, and t the centre of the opposite 
sections. Then the square of bm will be to the rectangle under amt, as the 
square of the transverse diameter conjugate to the secondary diameter bs, to the 
square of this secondary diameter ; and if a line were drawn from m to p, this 
would touch the hyperbola bp in p, Apoll. conic. 1. 2, prop. 40. and the square 
of ap will be to the rectangle under mat in the same ratio ; therefore the given 
ratio of the square of mb to the square of ap, will be that of the rectangle 
under amt to the rectangle under mat, or the ratio of mt to at ; consequently 
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the ratio of mt to at is given, and thence the point t. But also the diameter 
as is given in magnitude, the square of rt or of st being equal to the rectangle 
under mta ; whence in the last place the transverse diameter conjugate to this is 
also given ; for the square of this diameter is to the square of rt, as the given 
*quafe of bm to the rectangle under amt bow also given. 

But a more simple case may also be proposed in 3 lines, when the ratio of the 
rectangle Under edp should be equal to the rectangle under a given line, and 
that drawn from d to bc in a given angle, fig. 15. This line will bear, both to 
be and pc, a, given ratio, and the rectangle under bdf will be in a given ratio 
to the rectangle under the given line and eb or cf. — Let the line given be h, 
and rule* mb and nc, so that the rectangle under mbc, and that under bcn be to 
that under ba and h, in the given ratio of the rectangle under edf to that under 
be and h, bm and or being equal. Then draw from m and n lines parallel to 
ba, ca, which shall intersect bp in k and l, by which, me cutting ca in 1, the 
rectangle under mbc will be to that under ba and h, as the rectangle under bmc 
to that under mi and h, and also as the rectangle under bkf' to that under ki 
and h, that is, as the rectangle under bdf to that under h and bb or mk; 
whence, by adding the antecedents and consequents, the rectangle under kdl 
will be to the rectangle under h and mi, in the same given ratio, which is also 
that of the rectangle under bmc to the same rectangle under h and mi : the 
point d therefore is in an hyperbola passing through b and c having for asymp- 
totes the lines mk and nl given in position, the rectangle under kdl being equal 
to that under bmc, or that under mbn. 

If the two lines ab and ac are parallel, the locus may be known to be a para- 
bola by the last proposition of the 4th book of Pappus. But if bc were parallel 
to one of the other, the locus will be an hyperbola, as the preceding, but as- 
signed by a shorter process. Suppose t he given lines to be ae, af, fig. 16, and 
bc parallel to af. And let the rectangle under bdf be equal to that under pg 
and the given line h, the line bo making given angles with ae, af. Here take 
bi equal to h, and deduct from both the rectangles that under ei or h, and df, 
by which will be left the rectangle under idf equal to that under h and fg, both 
whose sides are given. Draw therefore ik parallel to ab, and the rectangle 
under idf will be equal to this given rectangle, the given lines ki, af being the 
asymptotes to the hyperbola passing through d. 

Coroll. If Lm be drawn through b parallel to bf, lb shall be equal to fg, and 
]}M equal to ei or h, by which the hyperbola opposite to that passing through d 
will pass through b. 

Scholium.-— The propositions of Pappus,' which have been here referred to, 
are given by him, among others, for Lemmas subservient to the lost treatise of 
Apollonius De sectione determinata ; an<l the four here cited respect and com- 
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crehend all the cases of the problem, where 3 points are given in any line, and 
a 4th is required such, that the rectangle under the segments of the proposed 
line intercepted between the point sought, and two of the given points shall 
bear a given ratio to the square of the segment terminated by the third point. 
The cases indeed of the problem, from the diversity of situation m the points 
given to the points sought, and to one another, are in number 6. The given 
extreme of the segment to constitute the square, may either be without the other 
2 given pointsi or between them. And when it is without, the point sought 
may be required to be taken without them all, either on the side opposite to the 
givL extreme of the segment to constitute > the square, winch will be one case 
or it may be required to fall on the same side, which will be a second case. If 
it be required to fall between this point and the other two, this will be a 3d case. 

A 4th case wilt be, when the point sought shall be required to fell between the 
other two points. Also when the given extreme of the segment to constitute 
the square Hes between the other two given points, the point sought may be re. 
quired to fall, either there also, or without, composing the 5th and 6th cases. 

? £* propositions in Pappus referring to these eases though but 4 m number, 
suffice for them all, each proposition being applicable to the problem 2 ways.. 
For instance, the 35th prop, as expressed by Pappus, is this, being the first 
above cited. Three points c, d^ b being taken in the line ab, so that t h e: 

rectangle under abe be equal to that under cbd, ab is to be as A c D E b 
the rectangle under dac to that under ced. Now ab is to be, both as the 
square of L to the rectangle under abe, and as the rectangle under abe to the 
square of BE. Therefore, if the ratio of A. to » be green ftembo of he 
sauare of ab to the rectangle under cbd will be given, which is the first of the 

casesafe>ve described, and also the ratio of the rectangle under cbd to the square 
cases above aescnu , cases, ^ rectan le under DAC w ,u 

of be given, which is the 2d case- Jto ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

be to that under CB ®» m . g the B i n the rectangle under ced to be 
angle under dac wi e giv , given ratio to the given rect- 

angle under dac, 1 fe , recta ngle un der dac to be found, 

the rectangle [“the^ven'linrcD a rectangle exceeding by a square, which shall 1 
by applying t g , under ced now given ; whence, by the ratio' 

fouTin both cases. Xh/ M d prop. 
Aher reayawlied’refers to the 3d case only ; the 30th relates both to the 4th 

- ■— ■fit# 

tion pf Apollonius's problem, when. 4 points are given, and a fifth reqmred, 
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which with the given points shall form 4 segments such, that the rectangle under 
two shall bear a given proportion to the rectangle under the other two. The 
various cases of this problem appear to have been the subject of the 2d book of 
the mentioned treatise of Apollonius ; and according to the character given by 
Pappus of those propositions, these lemmas serve to reduce them to problems in 
the first book, not those above mentioned, but those where 3 points being given, 
the rectangle under the segments included by two, and a 4th point, shall bear a 
< given ratio to the rectangle under the segment formed by the 3d point, and a 
given line. 

For instance, the 46th prop, is .this : in the line ab, 4 points a, c, e, b, being 
given; and the point f assumed between e and t , t ( ( 

b; also d taken, according to the 4 1st prop., so [ B 

that the rectangle under adc be equal to that 1 1 1 

under bde; if g be equal to the sum of ae, cb, 6 

the rectangle under afc, together with that under efb, will be equal to the 
rectangle under o and df. Here if it were proposed to find the point p, so that 
the ratio of the rectangle under afc to that under efb should be given, the ratio 
of the rectangle under afc to that under DFand the given line g would be given.' 

But this analysis may be carried cm to a compleat solution of the problem 
thus. If cn be taken to g in the given ratio of the rectangle under afc to that 
under df and g, the point n will be given, and 

the rectangle under ap, cn will be to that undei 1 I I I H 11 I I 

ACDEFBX 

af, g, in this ratio of cn to g ; consequently the j | 

excess of the rectangle under ap, cn rbove that ° 

under afc, that is, the rectangle under afn, will be to the excess of the rect- 
angle under ap and g above that under dp and g, or the given rectangle under 
ad, g, in the same given ratio; and in the last place the rectangle under afn will 
equal the given rectangle under ad and cn. . 

Here I have chosen this prop, in particular, because the case of the problem 
to which it is subservient, is subject to a determination, when fn shall be equal 
to af. And then the rectangle under afn being equal to that under ad and cn, 
as cn to fn so is af to ad, and by division as cp to fn so df to ad ; therefore 
when af is equal to fn, cp will be to af as fd to ad : consequently cd to fd as 
fd to ad, and the square of dp equal to the rectangle under adc, when the 
problem admits of a single solution only, where the rectangle under afc will bear 
to that under efb a less ratio than in any other situation of the point f between 
b and b. ' _ - 

Moreover cn is to g as the rectangle under afc to the sum of the rectangles 
under afc and efb ; therefore fn being equal to af, when the problem is limited 
to this single solution, the rectangle under afc shall be to the rectangles under 
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afc and efb together, as the sum of af and fc to g, which is equal to the 6um 
of ae and cb ; whence by division the ratio of the rectangle under afc to that 
under efb, when the problem is limited to this single solution, will be that of 
the sum of af and cf to the excess of fb above ef. 

Thus directly do these lemmas correspond with Apollonius’s first mode of so- 
lution, and lead to the general principle of applying to a given line a rectangle 
exceeding or deficient by a square, which shall be equal to a space given. . This 
being a simple.case of the 78 th and 29th propositions of the 6th book of Euclid's 
elements, admits of a compendious solution. Such a one is exhibited by Snellius 
in his treatise on these problems (in Apollon. Batav.) and Des Cartes has ex- 
hibited another, more contracted in its terms, but not therefore more useful. 
It may also be performed thus. If upon a given line ab any triangle acb be 
erected at pleasure; then if the legs ca, cb, fig. 17, whether equal or unequal, 
be continued to d and e, so that the rectangles under cad and cbb be each equal 
to the given space, and a circle be described through c, d, e, cutting ab extended 
in f and g, the rectangle under bfa and bga will each be equal to the space 
given. Also if in the legs ca, cb, fig. 18, the rectangles under cad and cbe 
he each taken equal to the space given, and a circle in like manner be described 
through c, d, e, cutting ab in f and g, the rectangles under afb and agb will 
each be equal to the given space. . Here it is evident, that the space given must 
not exceed the square of half ab’; when equal, the circle will touch ab in its 
middle point. 

POSTSCRIPT. 

As this application to a given line of a rectangle exceeding or deficient by a 
square, or the more general problem treated of in the 6th bode of the elements, 
of applying a space to a line so as to exceed or be deficient by a parallelogram 
given in species, is the most obvious result, to which the analysis of plane pro- 
blems, not too simple to require this construction, leads; so the descriptions of 
the conic sections here treated of, stand in the like stead in regard to the high er 
order of problems, styled solid from the use of the conic sections deemed neces- 
sary for their genuine solution. And these are the only modes of solution, the 
modem algebra, which grounds its operations on one or two elementary propo- 
sitions only, naturally leads to. But as the form of analysis among the ancients, 
by expatiating through a larger field, often was found to arrive at conclusions 
much more concise and elegant, than could offer themselves in a more confined 
track ; the ancient sages in geometry, that the solid order of problems might not 
want this advantage, sought out that copious and judicious collection of proper- 
ties attending the conic sections, which, with some useful additions from later 
writers, have come down to us. 

And as the advantages of this ancient system of-analysis cannot be too much 


C - ized by 


Google 





VOL. LIII.] FHILOSOFHICAL TRANSACTIONS. 71 

inculcated, in an age in which it has been so little known, and almost totally 
neglected. Dr. P. closes this paper with an example in each species of problems. , 

, Thus, were it proposed to draw a triangle given in species, that two of its angles 
might touch each a right line given in position, and the 3d angle a given point: 

It is obvious how difficult it would be to adapt a commodious algebraic calcula- 
tion to this problem; yet it admits of more than one very concise solution, as 
follows. Let the lines given in position be ab, ac, and the given point d, the 
triangle given in species being rdf, fig. IQ, 20, 21. 

In the first place suppose a circle to pass through the 3 points a, b, d, which 
shall intersect ac in g, fig. IQ. Then bg, dg being joined, the angle deg will 
be equal to the given angle dac, both insisting on the same arch dg: also the 
. angle bdg is the complement to two right ones of the given angle bac : these 
angles therefore are given, and the whole figure efgd given in species. Conse- 
quently the angle bgf, and its equal adk, will be given, together with the side 
de of the triangle in position. 

Again, suppose a circle to pass through the 3 points a, e, f, cutting ad in h, 
and eh, fh joined, fig. 20. Here the angle efh will be equal to the given angle 
bah, and the angle feh equal to the given angle fah. Therefore the whole- 
figure bhfd is given in species, and consequently the angle ads, as before. 

In the last place, suppose a circle to circumscribe the triangle, and intersect 
one of the lines, as ac, in i, fig. 2). Here di being drawn, the angle dip will 
be equal to the given angle dep in the triangle ; consequently di is inclined to. 
ac in a given angle, and is given in position, as also the point i given ; whence* 
is being drawn, the angle fie will be the complement of the angle' edf in the 
triangle to two right ones. Therefore ie is given io position, and by its intersection 
with the line ab gives the point e, with the position of de, and thence the 
whole triangle, as before. Here it may be observed, that the angle d of the 
triangle edf given in species touching 3 given point d, and another of its angles, 
touching ac, the line ie here found is the locus of the 3d angle e. 

Again, in the astronomical lectures of Dr. Keil, it is proposed to find the 
place of the earth m the ecliptic, whence a planet in any givpn point of its orbit 
shall appear stationary in longitude, and a solution is given from the late eminent 
astronomer Dr. Halley, on the assumption,- that the orbit of the earth be con- 
sidered as a circle concentric to the sun. But for a complete solution of this 
problem let the following lemma be premised. The velocity of a planet in lon- 
gitude bears to the velocity of the earth, the ratio which is compounded of the 
subduplicate ratio of the latus rectum of the greater axis of the planet’s orbit, to ' 

the latus rectum 'of the greater axis of the earth’s orbit, of the ratio of the co- 
sine of the angle which the orbit of the planet makes with the plane of the eclip- 
tic, to the radius, and of the ratio of a line drawn in ^ny angle from die centre 
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of the sun to the tangent of the orbit of the earth, at the point where the earth 
is, to a line drawn in the same angle from the sun to the tangent of the orbit of 
the planet projected on the plane of the ecliptic, at the place of the planet in the 
ecliptic. 

Let a be the sun, bc the orbit of any planet, de the same projected on the 
plane of the ecliptic, fg being the line of the nodes, b the place of the planet in 
its orbit, d its projected place : then the plane through b and n, which shall be 
perpendicular to both the planes bc and de, intersecting those planes in bh, dii, 
the lines bh, dh will be both perpendicular to the line of the nodes, and the 
angle bhd the inclination of the orbit to the plane of the ecliptic. But tangents 
drawn to bc and de, at the points b and d respectively, will meet the line of the 
nodes, and each other in the same point 1, and the velocity of the planet in lon- 
gitude will be to its velocity in the orbit bc, as di to bi. , 

Now from the point a let ak fall perpendicular on bi, and al be perpendicu- 
lar to di : then the ratio of di to ib will be compounded of the ratio of di to dh, 
or of ai to al, of the ratio of dh to bh, and of that of Bri to bi, that is of ak 
to ai. But dh is to bh as the cosine of the inclination of the orbit to the ra- 
dius; and the two ratios, that of ai to al, and 'that of ak to ai, compound the 
ratio of ak to al: therefore the velocity of the planet in longitude, is to the ve- 
locity in its orbit, in the ratio compounded of that of the cosine of the inclination 
of the planet’s orbit to the radius, and that of ak to al. 

Moreover the ratio of the velocity of the planet in b to the velocity of the 
earth in any point of its orbit, is compounded of the subduplicate of the ratio 
of the latus rectum of the greater axis of the planet’s orbit to the latus rectum of 
the greater axis of the earth’s orbit, and of the ratio of the perpendicular let fall 
from the sun on the tangent of the earth’s orbit at the earth to ak, the perpen- 
dicular let fall on the tangent of the planet’s orbit at b. Therefore the velocity 
of the planet in longitude, when in b, to the velocity of the earth in any point 
of its orbit, is compounded of the subduplicate ratio of the latus rectum of the 
greater axis of the planet’s orbit, to the latus rectum of the greater axis of the 
earth’s orbit, of the ratio of the cosine of the inclination of the planet’s orbit to 
the radius, and of the ratio of the foresaid -perpendicular on the tangent of the 
earth’s orbit to al, the perpendicular on di: these perpendiculars being in the 
same ratio with any lines drawn in equal angles to the respective tangents. 

This being premised, the place of a planet in the ecliptic being given, the 
place of the earth, whence the planet would appear stationary in longitude, may 
be assigned thus, a denoting the sun, fig. 23, let b be a given place of any 
planet in its orbit projected orthographically on the plane of the ecliptic, cb the 
tangent to the planet’s projected orbit at the point b, which will therefore be 
given in position. Also let de be the orbit of the earth, and the point d the 
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place of the earth, whence the planet would appear stationary in longitude at b. 

Join ab, and <lraw a tangent to the earth's orbit at the point n, which may meet 
cb in f, and the line ab in g ; draw also ah making with of the angle ahd equal 
to that under abc. Then the point d being the place whence the planet appears 
stationary in longitude, as fb to fd so will the velocity of the planet in longitude 
in b, be to the velocity of the earth in o; this velocity ofjthe planet in b being 
also to the velocity of the earth in o, in the ratio* compounded of the subdupli- 
cate of the ratio of the latus rectum of the greater axis of the planet’s orbit to 
the latus rectum of the greater axis of the orbit of the earth, of the ratio of the 
co-sine of the inclination of the planet’s orbit to the plane of the ecliptic to the 
radius, and of the ratio of ah to ab ; therefore the ratio of fb to fd will be com- 
pounded of the same ratios ; and if i be taken so that the ratio of ab to i be 
compounded of the first two of these, i will be given in magnitude, and the ratio 
of fb to fd will be compounded" of the ratio of ab to i, and of ah to ab. Whence 
fb will be to fd as ah to i ; and the angles cba, or fbg, and ahg being equal, by 
which fg will be to fb as ag to ah, by equality pg will be to fd as ag to t, and 
dk being drawn parallel to fb, bg will be to bk as pg to fd, and therefore as 
ag to i. 

But now as this problem may -be distributed into various cases, in the first place 
consider the earth as moving in a circle concentric to the sun, and likewise cb, 
the tangent to the planet’s orbit, perpendicular to ab. But here dk also will be 
perpendicular to ab, and ab meeting the earth's orbit in l and m, the rectangle 
under kag will be equal to the square of am, fig. 24. But bo being to bk as ag 
to i, if bn be taken equal to i, bg will be to bk as ag to bn, and ab to kn also as 
ag to bn, and the rectangle under nk, ag equal to that under ab and i ; there- 
fore the rectangle under kag being equal to the square of am, nk will be to ka 
a 8 the rectangle under ab and i to the square of am, that is, in a given ratio, and 
xd with the point d will be given in position. 

Again, when cb is not perpendicular to lm, let do be perpendicular to lm. 
Then the rectangle under oag will be equal to the square of am, fig. 23. But 
bn being taken equal to i as before, the rectangle under nk, ag will be equal to 
that under ab, i, whence nk will be to ao in the given ratio of the rectangle 
under ab, i to the square of am. Therefore np being taken to pa in that ratio, 
the point p will be given, and kp, the excess of np above nk, will be to po, the 
excess of ap above ao, in the same ratio. Hence, as dk is parallel to cb, and do 
perpendicular to lm, the triangle kod is given in species ; and if pd be drawn, 
the angle opd wSl be given ; for the co-tangent of the angle okd will be the co- 
tangent of the angle opd, as ko to op, that is, as the rectangle under ab, i to- 
gether with the square of am, to the square of am : and hence the point d is 
given by the line pd drawn from a" given point p in a given angle apd ; and if ad 
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be drawn, ad will be to ap as fchesitte of the angle avd to the «ne of the angle 
pda ; this angle -therefore is given, and the angles apd, pda -being given, the an- 
gle pad is given. 

Coroll. Here where the Orbit of the -earth is supposed a circle, the ratio of i 
to Aft, that is, of the rectangle under ab, i to the square of as, will be com- 
pounded of the subdiiplicate ratio Of am, the sermdiameter of the earths orbit, 
to half the latus rfectum to the greater axis of the planet’s orbit, and of the ratio 
of radius to the co-sh*eof the inclination of the planet's orbit to the plane -of the 
eoliptic ; and, adding on both sides the ratio of the square^ of ab to the square of 
am, the ratio of the rectaiigle under AS, x, ’to the sqaare of am will be compounded 
of the ratio of the sqaare -of ab to the rectangle -under am and the mean propor- 
tional between AMandthe half of this latus rectum of the planet’s orbit, and of 
the ratio of the radius to the co-slne of the inclination of the planet’s orbit. 

In the next place, though the earth’s orbit is not a circle concentric to the sun ; 
yet if the projeotiou of -the planet faUs on the line perpendicular to the. axis of 
the earth’s Dibit, -the point a -will still bisect am. In this case draw, to the points 
a and m, tangents to -the ellipses meeting in t, whence through d draw pd meeting 
the ellipses again in a, and intersecting am in o. Here if a tangent be drawn to 
the ellipses in -a, k will meet the -tangent at b on -the line am in the point e, fig. 
26. Now A 6 wUfbe to gm as ao Ioom, and the point a bisecting am, the rect- 
angle under -gao will be equal -to -the square of Ate. But b& is to bk as ag to 1. 
Therefore bn being taken equal to 1, ab will be to kn as ag toil, and the root- 
angle under ab, 1 equal to that under ao, kn; wheode ao being to kn as the 
.rectangle under gao to that under ag and kn, ao will be to kn as the given 
square of am to the rectangle -under ab and 1 -also given. 

Draw bp parallel to gb, -sad -take >pb to ap, also nt to ab, in this given ratio 
inverted. Then will the points T and a be both given, -ako ao will beto KN, 
and bo to kt, as ab to nt, that is, as aP to -ps. Therefore if Tv be drawn par- 
allel to cB, that is, to kb, -and vs parallel to am, -these lines will be both given in 
•position ; and wdxy being also drmVn.paraHel to am, wd will be equal to kt, and 
ao -being to kt -as ap to r-s, dy will -be to -w-d as xp to Ps, -and by composition 
rw to wd as *6 to ps, and the -given -rectangle under yw, or sv, and ps equal to 
that raider wd and Xs. Whence #v being parallel to am, the point n will be 
in an hyperbola-through p,and having for asymptotes the knea Vs, vt, -given in 
position. 

But if the projection of the planet 611 on theaxis of the earth’s Orbit, or the 
seme continued, ab extended to the -earth’s Orbit in a and M'Will be die axis of 
that orbit. If alsoc-B should be perpendicular to-AB, kd would be ordiDately ap- 
plied to - am, fig. 27 ; and the point * -beingtaken, so that a being-the -eentre-of the 
•orbit, the -rectangle -under aob be -equal -to -the square of aw, the same will be 
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equal also to the rectangle under OOK ; whence as qo to AO so bo to oK, andAG 
to ag as kr to 04 ;. But, as above, bo being to RK aa aG to r, and, bn takenequal to 
i, bg will be to bk, as ag to bit* and 49 to kn also as ag ta bn or i. There- 
fore if. ns be taken to a* as > to ao> by equality *» wiU be to nk as ag to ao> 
that is, as kb to ok ; and in the last place ns to ks as kb toi on, that is, the rect- 
angle under skb equal, to the given rectangle ks, ob* whence the point k, the 
position of kd, and thence the point B wiR be given. 

Bnt if pk be not ordinary allied to am* let pq be ordinately applied to am* 
Then here the rectangle under aob, equal to the square of GM, will be equal to that 
under ooo, and go to au as or to on, % 28 ; whence by composition ag to ao 
as ob to qq. But »n being now also taken equal to i, and ns to ab as i to ao; 
ab will, be here in like manner to kb as ag to s, and ks to kx as ag to ao ; 
therefore ns will be to kn aa or to oo» and by conversion ns to ks as ob to ob* 
But ns and ob being both given in magnitude, if sr be taken to ns as ob to pk, 
the [point p will begjven, and also by equality n will be to ks as or to bb : 
whence if by be drawn parallel to no, and st to no, both by and av will be given 
in position, one passing through the given paint b, parallel to the ordinates applied 
to the axis lm, and the other through the point s also given, and parallel to ko o® 
c» : also dtv being drawn parallel to ml, bt will be equal to ks, and nv equal to 
ob ; therefore aa sp to pt bq pv to pr, and the rectangle under sbr equal to dial 
under ?pv, consequently the point n in an hyperbola passing through e, and 
having for asymptotes the lines st, bv, given in position. 

In the last place, when the line am drawn through the sun in a, and the pro- 
jected place of the planet in a, is neither the axis of the earth’s orbit, nor bi- 
sected in a, fig. 20, the tangents to the points a, u, being drawn to meet in p, let 
am be bi s ected in 0, and the point r taken, so that the rectangle under aob bo 
equal to the square of OM, which by no being drawn, the rectangle under aob 
shall be equal to that under ooo, and oo to ao as ob to no, or by composition 
ao to AO as on to oo. Thesefore if »b be here also taken equal to i, and ns tq 
ab as i to ao* ab being, as before, to nk as ag to i : by equality ns will be to 
nk as ag to ao, that is, as ob to oo. Wheneo by conversion ks will be to ks as 
ob to ob ; and if pt be drawn parallel to cb, and sv be* here taken to ns as ob" 
toTR,by equality sv will be to kb as ob toTB, and also byconversion sv to ky as 
eg to or. Also sv will be given in magnitude, and the point v given ; therefore 
vw drawn parallel to cb, or kb, wiR here be given in position. But wdxy being 
also drawn parallel to bv, sv will be to ky, or nvr, as yb to xn ; and tz being 
taken equal to the given line sv ,' ye will be to aw as zn toxw, equal tow, and 
tfce givtn peeUngle under n, tv eqoal to that under was. Therefore Tz heing 
deawn parallel to bp, bt, and its equal ye, being given, the, line Fz is given in 
position, and the point d in an hyperbola having for asymptotes vw, rz, and pass- 
ing through p- 
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Thus in this problem in all cases solved either by a right line, or an hyperbola 
given in position, which shall intersect the projected orbit in the point sought 
bor though in each case the projection of the planet has here been considered as 
within the orbit of the earth, the form of argumentation will be altogether 
similar, were the projection of the planet without. And this is agreeable to the 
method pursued throughout this discourse, where I have always accommodated the 
expression to one situation only of the terms given and sought in each article* 
the variation necessary for the other cases, when one has been duly explained’ 
being sufficiently obvious. ' J f * 

In the 5th vol. of the Commentaries of the Royal Academy at Petersburg 
is given an algebraical computation for a general solution of this problem in the 
orbits of any two planets projected on the plane of the ecliptic,* but with this 
oversight of applying to the projected orbits a proposition from Dr. Keifs Astro- 
nomical Lectures, which relates to the real orbits.* 

However, from the geometrical solution now given, a calculation for assigning 
the point n may be formed, without difficulty, ldm being the orbit of the earth 
A is the focus, and bp perpendicular to the axis. Let this axis be ab meeting bp’ 
m c Tz in d, pt in e and wv in/. Then the angle cam is given, being the 
distance between the heliocentric place of the planet in the ecliptic from the 
eaith s aphelion. Also pt being parallel to cb , the angle atc, and conse- 
quently the angle act, will in like manner be given, whence the points r, b, t 
v being given, as in the solution above, the points d, c, e, and / will be given the 
triangles abc atc, being given in species, and similar respectively to the trian- 
gles ATd, and a v/. Also the rectangle under wnz being equal to that under ar 
v T , if dk be continued to the axis in g, and vh be drawn parallel to ph, the rect- 
angle under fg, hd, is equal to that under fe, dc, and both being deducted from 
the rectangle under /W, the excess of the rectangle under fhd above that under 
fe, dc, will be equal to that under ghd, so that this difference will be a mean pro- 
portional between the square of hd and the square of hg, which is in a given ratio 
to the square of hs>, and therefore is a given ratio to the rectangle under ahb, d* 
being ordinately applied to the axis ab. 

Thus a biquadratic equation may be formed, by which the point k shall, be found 
and thence the point n, whose distance from a is to he as the eccentricity of the 
earth’s orbit to half its axis. Therefore I shall only observe further, that here 
occurs an obvious question, what, in so extended a search for principles leading to 
the solution of any problem, as the ancient analysis admits of, can conduet to 
the most genuine on each several occasion. Rut for this end, where commodi- 
ous pnnciples do not offer themselves, the most general means is to consider first 

* . eDOO ” s |* at '^ n .Dr. Keil s preposition procoeds oatbe known property in tbe-piaaets of 
haviog their periodic tunes in the sesquiplicate ratio of the axis of their orbits, which confines the pro. 
portion to the real orbits ; for in each planet the periodic time through the projected orbit, is the 
same as th rough the real, though the axis in one be not e^ual to the axis of the otfier.-wQrig, 
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simple cases of the problem in question, and thence to proceed gradually to the 
more complex, as hfts been here done in the present problem, where the several 
preceding cases lead one after another to the points and lines required for the lost 
case, in which the problem is stated in its most extensive form. 

END OF THE FIFTY -THIRD VOLUME OF THE ORIGINAL. 

I. Of d Mummy , inspected at London 17f>3. By John Hadley ; M. Z>. 

F.R.S. p. l. Fol.LIF. 

The mummy, which is the subject of this paper, is the first article in Dr. 
Grew’s catalogue of the rarities of the r. s. He. informs us, that it was a 
present from Henry Duke of Norfolk ; and was an entire one, taken out of the 
Royal Pyramids. He then. proceeds to describe the manner in which the several 
parts were wrapped up : but this he has not done exactly ; as most of these very 
parts had evidently never been opened, till we examined them : and were then 
found in a very different state from that in which they are represented by him. 

This mummy had been greatly injured, before it came into their hands ; the 
head had been taken off from the body ; and the wrappers with which they had 
been united, having been destroyed, the. cavity of the thorax was found open 
towards the neck : and part of the upper crust, with the clavicles, having been, 
also broken away, the heads of the ossa humeri presented themselves, covered 
with a thin coat of pitch. The feet also had been broken off from the legs ; 
and were fixed by wires to the end of the wooden case in which the mummy lay. 
The outer painted covering, which reached from the upper part of the chest 
nearly to the bottom of the legs, had been removed, and fastened on again by 
a great number of ordinary nails, driven up to the head into the substance of 
the mummy. This had most probably been done by those who had orders 
some years since to repair it ; and by this, and by the manner in which they had 
fastened on the feet, they seem to have done their work in a most clumsy manner. 
This whole external covering of the fore part of the mummy consisted of seve- 
ral folds of broad pieces of linen cloth ; made to adhere together by some 
viscous matter, which had not yet lost its property ; and the whole had received 
an additional degree of strength and substance from the coat of paint laid on. 
The figures, which were not entirely defaced, were of the usual kind,, and were 
all so much injured, as to render a particular description of them very difficult, 
if not impossible. 

There were not the least remains of hair or integuments on any part of the 
head ; some parts of the skull were quite bare ; particularly about the temporal 
bones,; which had the natural polish, and appeared in eyeiy. respect like the 
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bones of an ordinary skull. To other parts of the skull adhered several folds of 
pitched hnqn ; which together were near half an inch in thickness : on removing 
them they were found to have been in actual contact with the bone ; so that tlie 
integuments must have been taken away, before the wrappers were at first 
applied. The under jaw was lost ; and the superior maxillary, sphenoidal and 
ethmoidal bones were broken away ; the foramen occipitale was stopped up with 
pitch, with which also the inner part of the skull was lined ; this seemed to 
have been poured in at the foramen, and made to apply to the several parts of 
the iqsidte of the skulT, by turning the head in different directions ; the wave of 
the melted pitch from such motion appearing very plain. The inside of the 
skull was in many places covered very thinly ; and in some few, which the fluid 
pitch had m»9sed, it was quite bare. The pitch which stopped up the foramen 
occipitale, had on it the impression of one of the vertebrae of the neck ; and 
externally about the foramen adhered a considerable quantity of pitch. 

The outer painted covering being removed, nothing but linen fillets were to 
he seen, which enclosed the whole mummy. These fillets were of different 
breadths ; the greater part about an inch and a half; those about the feet much 
broader : they were tom longitudinally ; those few that had a selvage, having it on 
one side only ; the uppermost fillets were of a degree of fineness nearly equal to 
what is now sold in the shops for 2 s. 4 d. per yard, under the name of long 
lawn ; and were woven something after the manner of Russia-sheeting : the 
fillets were of a brown colour, and in some measure rotten. These outer fillets 
teemed to owe their colour to having been steeped in some gummy solution ; as 
the inner ones were in pitch. The fillets immediately under the painted cover- 
ing lay in a transverse direction ; under these, which were many double, they 
ley oblique, diagonally from the shoulders to the ilia. Under these the fillets 
Were broader, some nearly 3 inches ; and lay longitudinally from the neck to the 
feet, and also from the shoulders down the sides ; on which there was a remark- 
able thickness of these longitudinal fillets : under these they were again trans- 
verse, and under these again oblique. The fillets in general externally did not 
adhere to each other ; but though pieces of a considerable length could be taken 
off entire, yet, from the great age, so tender was the texture of the cloth, that 
it was impossible regularly to unroll them. As the outer fillets were removed, 
those that next presented themselves had been evidently steeped in pitch, and 
were in general coarser, in folds, and more irregularly laid on ; as they were 
more distant from the surface. The inner filleting of all was so impregnated 
with pitch, as to form with it one hard black brittle mass ; and had been burned 
nearly to a: coal. On breaking this, it appeared in many places as if filled with 
ft white efflorescence-, like that observable on the outside of pyrites which have 
been esposed to the ah. This efflorescence however had nothing saline to the 
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•taste, and did not dissolve in water ; but instantly disappeared, on bringing it 
inear enough to the fire to be slightly heated f and was soluble in spirit of wine. 

In the cavity of the abdomen were found several small pieces of bone, which 
had the appearance of dry oak, mixed with crumbled pitch ; under this was 
found more solid pitch, which adhered to the spine. After cutting away the 
mass of cloth and pitch which covered the thorax ; it was found that the arms 
had been laid straight down by the sides of the chest, and the ulna and radius 
bent upwards, and laid with the hands across upon the breast, the right hand 
being uppermost. The bones of the fingers were lost ; but the metacarpal 
bones were found broken off, and fallen into the thorax. The filleting, which 
weut round the upper part of the body, included the arms also ; but they had 
evidently been first wrapped separately, then laid up in the position in which 
they were found, and the hollows which they formed filled up with pieces of 
pitched cloth. In the cavity of the thorax there was also a considerable quantity 
of crumbled pitch and splinters of dry bone ; and, as in the progress of this 
examination Dr. II. continually found that some of the bones did, as he laid 
them bare, separate into such splinters ; it is very probable that this appearance 
was owing to the mummy’s having been handled in a rough manner, and much 
sltakcn, by the persons who had driven it full of nails, when they were em- 
ployed to repair the outside of it. On first opening a way into the thorax, he 
imagined the ribs were destroyed ; but, on a more accurate examination, they 
were found entire ; but so bedded in the pitch, and so black and burned into the 
mass, as to make it difficult to distinguish these very different substances from 
each other. The bones of the spine and of the pelvis were in the same state 
with the ribs ; only rather more burned. 

There was a considerable thickness of hard solid pitch lining the cavity of the 
thorax ; this had been evidently liquified and poured in ; and retained that 
glossy appearance on its surface which is observable on pitch that is suffered to 
cool without being disturbed. On breaking through this hard crust of pitch to 
•examine the vertebrae and the ribs, the pitch which was under this crust and 
nearest to the bones, was crumbly and 60ft ; and, on being exposed to the air, 
grew perfectly moist in a very short time. The lower extremities were wrapped 
separately in fillets to nearly their natural size, and then bound together ; the 
interstices being rammed full of pitched rags. On cutting through the fillets on 
the thighs, the bones were found invested with a thin coat of pitch ; and the 
filleting was bound immediately on this. The tibia and fibula of each leg were 
found also wrapped in the same manner, and the bones in actual contact with 
the pitch ; excepting in one or two places, where the pitch was so very thin, 
that the cloth appeared to adhere to the bone itself. 

Hie feet were filletted in the same manner ; being first bound separately, and 
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then wrapped together. The filleting had been by some accident rubbed off the 
toes of the right foot ; and the nail of the great toe was found perfect : the last 
joints of the bones of the lesser toes had been broken 'away ; by which it ap- 
peared that these bones had been penetrated, and their cavities quite filled with 
pitch. The filleting about the heel had also been broken away, and the bones 
of the tarsus, and some of the metatarsal bones, had fallen out and were lost ; 
leaving the remaining filleting like a kind of case. The fillets on the left foot 
were perfect ; except on the heel, and where they had been divided from those 
of the leg; a small portion of the tendo Achillis adhered to the os calcis; and 
some of the ligaments to the astragalus. On cutting into the fillets on the sole 
of this foot they were found to enclose a bulbous root. The appearance of 
this was very fresh ; and part of the thin shining 6kin came off with a flake of 
the dry brittle filleting, with which it had been bound down ; it seemed to have 
been in contact with the flesh : the base of the root lay towards the heel. This 
■discovery immediately brought to mind a passage in Prosper Alpinus,* and 
gave some appearance of probability to a relation which, as he himself insinu- 
ates, might give great reason to doubt his veracity. Speaking of the stone 
image of a scarabaeus, which was found in the breast of a mumtpy, he adds, 
“ Incredibile dictu, rami rorismarini qui una cum idolo inventi fuerunt, folia 
usque adeo viridia et recentia visa foerunt, ut e£ die a plants decerptl et positi 
apparuerint.” 

The fillets were removed from this foot with great care ; they were much im- 
pregnated with pitch, excepting about the toes ; where the several folds united 
into one mass, being cut through, yielded to the knife like a very tough wax. 
The toes being carefully laid bare, the nails were found perfect on them all ; 
some of them retaining a reddish hue, as if they had been painted : the skin 
also, and even the fine spiral lines on it, were still very visible on the under part 
of the great toe, and of the three next adjoining toes. Where the skin of the 
toes was destroyed, there appeared a pitchy mass, resembling in form the fleshy 
substance ; though somewhat shrunk from its original bulk. The natural form 
of the flesh was preserved also on the under part of the foot ; near the bases of 
the toes. On the back of the toes appeared several of the extensor tendons. 

The root just mentioned was bound to the foot by the filleting that invested 
the metatarsal bones; no more of this filleting was cut away than was just 
sufficient to show, without removing from its place, a substance which had 
lieen preserved in so extraordinary a manner. On cutting away the fillets which 
■covered the tarsus, the bones adhered strongly together, and were covered with 
hard pitch; with which they seemed thoroughly impregnated. On cutting 

* Prosper Alpinus Serum iEgyptiarum, &c«j com notis Veslingii, 1735, pag. 3(5.— Orig. 
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Away this outer pitch, there appeared very distinctly the tendons of the peroneus 
anticus and posticus, the tendons of the extensor digitorum longus, and the 
tendon of the tibialis anticus ; and besides these a considerable portion of the 
ligaments of the tarsus. On examining the case formed by the pitch and fillets, 
which had covered the right foot, and out of which the bones had been taken ; 
there was a very plain mould left, in which there had been enclosed another root 
similar to that discovered in the left foot ; and in which some of the external 
shining skin of the root still remained. 

During this whole examination, excepting what was discovered in the feet, 
there were not found the least remains of any of the soft parts. All the bones 
of the trunk were bedded in a mass of pitch; and those of the limbs were 
Covered with a thin coat of it, and then swathed in the fillets ; which (as has 
been mentioned) in some places, where the pitch was very thin, seemed to ad* 
here to the bone itself. The cavities of many of the bones, on being broken, 
were found quite full of this substance: the metacarpal bones were so; - as were 
the radii, and many others: the ribs, as before mentioned, were impregnated 
with it ; and so burned, as to be with difficulty distinguished from it : in which 
state also were the vertebrae and the bones of the pelvis. The pitch had glso 
penetrated into the cellular part of the head of the thigh bone ; the small bones 
of the toes were quite full : but it had not entered into all the metatarsal bones* 
From experiment it has been found that bones and flesh being boiled in common 
pitch, it will pervade the substance, and fill the cavities of the former : and the 
latter will be so impregnated with it, as to be reduced to a uniform black brittle 
mass ; not in the least resembling flesh. This treatment however will not ac- 
count for the state in which this mummy was found; for if the flesh had not 
been previously removed, though its appearance would have been entirely 
changed, yet the filleting could never have been found in contact with the 
bones. From this last circumstance it is most likely that the body, excepting 
the feet, had been reduced to a skeleton before it was laid up ; it is also pretty 
certain that it must have been kept some time in boiling pitch ; both before and 
after some of the layers of the innermost filleting were laid on. The feet seem 
to have been swathed, at least in part, before they were committed to the hot 
pitch : and this seems to have pervaded the bandages, the flesh and the bones. 

It has been imagined, that the principal matter used by the Egyptians for 
embalming, was the asphaltus ; but what Dr. H. found, was certainly a vege- 
table production. The smell in burning was very unlike that of asphaltus ; nor 
did it resemble that of the common pitch of the fir-tree ; being rather aromatic. 
It was compared with a variety of resins and gum-resins ; 'but it seemed not to 
resemble any of them, excepting myrrh ; and that but very slightly. In all 
probability it was not a simple substance ; but might be a mixture of the resi- 
vol. xu. M 
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nous productions of the country, with the pitch of that tree which they had in 
greatest plenty. 

The Axcipaf tu Ktfy* of Herodotus,* and the KiJjn* of Diodorus Siculus,-^ was 
most probably the tar of the cedar ; It is the substance said by these authors to 
. be used for embalming ; Galen | mentions its power of preserving bodies ; 
and $ Dioscorides calls it Ntxj* £wn. Pliny, speaking of the cedar, says that the 
tar was forced out of it by fire ; and that in Syria it was called cedrium : cujua 
tanta vis est, ut in Egypto || corpora hominum defunctorum eo perfusa serventut*. 
Some branches of the-cedar were procured from the physic garden at Chelsea ; 
and, being treated in the manner described by Pliny, yielded tar and pitch, 
which had no aromatic smell, and seemed in many respects similar to the pro- 
duce of the fir-tree. There must undoubtedly therefore have been kwne other 
resinous matter mixed with the cedrium. 

The pitch of this mummy was carefully distilled, but it gave no other produoe 
than what might be expected from a resinous body; the caput mortuum, when 
burned and elixated, yielded a fixed alkali ; to this may be attributed the moisture 
which the pitch, that was in contact with the spine, and those other parts which 
were most burned, contracted on being broken and exposed to the air; for this 
pitch had an alkaline taste, and had been more than melted, having been burned 
to a caput mortuum. A great variety of experiments were made on this pitchy 
matter; the result of them all tended to prove, that it had not the least resem- 
blance to asphaltus, but was certainly a vegetable resinous substance. 

Mons. Rouelle, in the Memoirs of- the Royal Academy of Sciences for 1750, 
has given a very elaborate and ingenious treatise on embalming; in which he has 
•chemically analysed the pitch of 6 different mummies. From his observations, 
and from what Pietro della Valle, and Joannes Nardius** at the end of his edi- 
tion of Lucretius, have written on this head; from wbat Dr. Middleton-f^ ob- 
served in the mummy which was opened at Cambridge; from the Memoires of 
Count Caylus, in the 23d vol. of Acad, des Inscript, et Belles Lettres; and from 
this present examination; it appears that various methods of embalming were 
practised among the Egyptians; and that they used different materials for this 

* Herodot. Euterpe, pa g. lip. ed. Gronov — Orig. 

f Diodor. Sicul. lib. i. p. 82. ed. Rhodoraanni, — Orig. 

j Galen, dfe Sirapl. Med. Facult. tib. vii. cap. 16 .— Orig. 

f Dioscorides de Mat, Medic, lib. i. cap. 105. peg. 56. Franco f. I 5 $ 8 .— Orig. 

11 Plin. Hater. Hb. xwi. cap. 1 1 . pag. 322. ed. Dalecamp. — Orig. 

^ Viaggi di Pietro deUa Valle, Torn. 4-. — Orig. 

** Lucretii Joann is Nardii de Funeribus iEgyptiorum Animadversio 50, p, 627. These ac- 
counts of della Valle and Nardius are also to be met with in the 3d vol. of Athanas. Kircher’s 
Oedipus A£gypt. — Orig. 

ft Middleton’* wotfcs* *€&. 4, Germans qttseditt ^ MonumoMa^Oxig. 
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purpose; and though Herodotus and Diodorus Siculus have given reason to ex-, 
jjcct to find the bodies in a much more perfect state than we ever meet with 
them ; yet on the other hand it is evident, from the foot of this mummy which 
Dr. H. examined, and from the account Mons. Rouelle and Count Caylus have 
given in the above-mentioned Memoires, that all the fleshy parts were not always 
previously destroyed. 

II. The Sequel of the Case of Mr. Butler, of Moscow, printed in Phil. Trans., 

Fol. L.* By Dr. Mounsey. Communicated by Mr. H. Baker, F.R.S. p. 15. 

In my former account of Mr. Butler’s case, says Dr. Mounsey, it is said, that 
he had recovered his perfect health and strength: yet after that he was often sulv- 
ject to ailments of the nervous kind, and became sensibly affected not only by 
the smell of paints, but even the handling of some kinds of metallic inodorous 
bodies gave him anxiety, tremor, faintings, and many other uneasy symptoms. 
The handling of verdigris, vitriol, and the like, threw him into these disorders; 
and he asserted that the handling of copper or iron had the same effect on him. I 
often heard his complaints; but as I deemed them imaginary, or sensations raised 
by the apprehension, I only strove to undeceive his fancy. However, I began to 
see, by some accidents, that there was more reality than I had believed, and that 
his first accident had left a disposition of the body susceptible of such impressions. 

One day having got home a box of cerussa, he took out some lumps to exa- 
mine the quality, and handled them without the least suspicion of harm ; but in 
a few hours after, he was taken with anxiety, palpitation of the heart, and a sense 
of trembling and weakness of the whole body. He was obliged to go to bed: 
he took some spirit of hartshorn, sweated most plentifully, and next day was 
recovered. Many things of this sort happened to him: but I shall only give 
you an account of the most extraordinary attack which happened to him Jun'c 
a6th, 1758. 

Mr. Butler still wanting to make experiments, but not daring to meddle with 
the operations himself, directed his wife to make some compositions of blue vi- 
triol, alum, quick-lime, burnt alabaster, and things of this kind. They were 
boiled in t) several pots, then let stand some time, and the thin or watery part 
poured off. She brought these pots to her husband to look at ; he was fond to 
try the colours himself, and without any apprehension he took some of those 
precipitations out of each pot, with the middle finger of his right hand, and 
rubbed them on grey paper to try the colours. He then put them away, and 
thought nothing more of the matter, drank tea, and was very well till about 3 
hours after. He then began to be uneasy, and found pain in his arms, and espe 


* Vol. x, p. 66 of these Abridgments. 
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dally in his right hand, he became sick at stomach, and felt a trembling over 
his whole body. He strove to get the better of this attack, and walked slowly 
about for some time, but turned pale, faint, and fell down. He soon recovered 
again, and still thinking to master the illness, drank 2 or 3 glasses of wine, 
which he vomited up again. This began at noon, and at 6 in the evening I 
found him in bed frighted and sweating. His pulse was then regular, but quick; 
he was sick at stomach, with anxiety. I ordered him some saline draughts, and 
plenty of thin warm liquors. In the night he slept but indifferently: his com- 
plaints were not continual, but returned by fits, with stretchings of the limbs, 
tremor, anti starting of the tendons over the' whole body; and when he began to 
slumber, he was disturbed with frightful dreams of fire. 

27 th, Early in the morning he observed many small purple spots on his hands, 
I found them just like purple petechise: the most on his right arm, and percep- 
tible through the thick skin of the palm of that hand. There were also some 
on the other arm and legs, and some of a deeper colour on the thighs, but very 
few on the rest of the body. As his pulse was now grown quicker, I suspected 
this to be a petechial fever: but there being no fevers of that kind then in town, 
and besides, as I could not reconcile the other circumstances, I remained unde- 
termined, and much perplexed by all these appearances. About 4 in the after- 
noon he was again seized with great anxiety, and pricking burning pains in the 
feet: the toes were extraordinarily red, and he had frequent stretchings. These 
went almost off* in a few hours. 28th, He was not so much troubled with the 
frequent returns of his complaints: his pulse was quick, and the spots kept out 
with itching. 29th, He was much the same as yesterday, only more cheerful in 
the intervals, and the spots appeared fewer. He got frequently out of bed and 
walked in the room. 30th, The attacks returned much seldoiner, and he would 
not keep in bed, but walked a great deal about the room, though his pulse was 
still feverish. Many of the spots disappeared, most were become pale, and some 
of a dun hue: those on the palm of the right hand were almost gone. He said 
the spots were always fairer every time the fits returned, and then he felt prick- 
ing pain with great heat, especially on the inside of his arms and legs, and in liis 
feet and toes. 

July 1st, I found him walking about the room, his pulse still quick. Last 
night he had been pretty easy and free. The spots were pale and disappearing. 
He took a laxative, which operated very well. 2d, Last night he got pretty 
good rest, but this morning the prickling and tremorous sensation over the whole 
body returned, but did not last long. He afterwards got up, walked about, and 
looked after his business. The spots were mostly gone. He observed, that the 
pricking pains in his arms and legs, and in a large spot on his back, which trou- 
bled him in all his former accidents, came now only in the forenoons, and then 
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almost ceased for the rest of the day. 3d, Every thing much the same, but the 
attacks were lighter. 4th, Very little difference; only now and then he was 
troubled with a glowing painful sensation immediately under the skin, sometimes 
in one part of the body, sometimes in another, a spot about the size of a crown 
piece. 5th, Things much the same. 6th, The attacks slighter, with the same 
feelings. 7th, Very little change, but rather better. 

Hitherto I was mostly an observator; and, not being forced by an absolute 
necessity, I did not chuse to load him at an uncertainty with many drugs. I had 
given him little more than absorbent nitrous powders; but now, as he liad no 
fever, but was rather lax and weak, and his nervous system affected, I thought 
I might begin to give him things more powerful, and therefore ordered some pills 
composed of extr. cort. Per. myrrh, g. ammon. and sal. mart's. 

Here, in prescribing, I had attention to the antipathy nature had shown ta 
iron, therefore took care the quantity in each dose should be very small, the sal 
martis scarcely making 2 gr. The 8th, he took a dose this night, was very rest- 
less, and greatly affected with all the former symptoms. 9th, He said he felt 
this medicine struggling with the distemper within him; so he swallowed, though 
with great reluctance, another dose early in the morning. In less than 3 hours 
he was again taken very ill, with anxiety, a sense of trembling over the whole 
body, and as if prickling sparks were flying out every where. He begged me to 
change this medicine, and said it was like to have killed him. Having heard all 
his complaints, I made the pills be put away, and promised he should have no 
more of them: but his fear and aversion. were so great, that the moment I was 
gone he ordered the box to be taken out of the house arid thrown quite away. 
10th, He passed this night tolerably, and found himself much better in the 
morning: but the complaints came by turns as before. 

Frdm this till the 20th, I gave him sundry medicines, but with little more 
effect than to ease him now and then; for the complaints always returned again 
indifferent manners and at uncertain times: but nothing extraordinary happened, 
On the 20th, I gave him a dose of Epsom salt, which he had been used to take: 
it purged very well ; but immediately on its leaving off to work, his body struck 
out with great numbers of small red spots, without other inconvenience than a 
little extraordinary heat in the skin. 21st, The spots were almost gone, and he 
found himself more cool and easy than before. 22d, He took another dose, and 
tbe spots returned in the same way more than the first day; he found also the 
same relief. After this he took more doses of the same salt, always intermitting 
a day or two. The spots returned, but every time fewer appeared; and at last 
none appeared on taking these salts. This sal cathartic, amar. came from Eng- 
land, and whether some vitriolic acid had been used in making it, I do not know; 
but it is likely there had. 
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From the first of August he took no medicines; the attacks were much less 
frequent and slighter ; only he often felt in the night-time like the stroke of an 
electrified body. August 13, he was awaked this night by pain, as if burning 
irons had been clapped to the insides of his legs, with anxiety and a sense of tre- 
mor over tlie whole body. I found his pulse very quick, irregular and small; 
but I could find no new cause for the return of his Complaints. He had after 
this some smaller attacks: but in the night of the 23d he was seized with a Vio- 
lent fit of the same sort, with stretchings, and as if prickling sparks were flying 
continually out of the skin. He had palpitation of the heart, and complained 
of the want of breath: his left side turned cold, and his right side became hotter. 
24th, He was again attacked in the same manner in the night-time, and it also 
went off in the same manner; but he now became feverish, and kept his bed 
some days. 

By the word stretchings, I mean the stretching of his body and limbs by a 
slow and gentle convulsion of the extensor muscles; for in all the attacks I never 
Observed the flexores any way affected. His feelings were frequently so odd, that 
he said he could not describe them. He often felt as If his left side, from his 
head to his waist, was empty; and that millions of small bodies were driven up 
and down With great velocity: Which he likened to the shaking of peas in a 
bladder. I tried many kinds of remedies to rid him of this disorder. He often 
found relief from them, but the complaints returned again. The remedy I found 
the most effectual, was putting him on a milk diet, and making him drive hard 
on a cart every day, forenoon artd afternoon, which he continued to do for several 
Weeks. His complaints all decreased ; and when he was threatened with an at- 
tack, a few drops of spirits of hartshorn and lavender, or the like, were now of 
service to him, which formerly had no effect. In short, I gave him again animal 
food, and he kept his health pretty well. 

The first year after this he Was always fearful ; and often complaining, of what 
appeared to me small things, but by little and little he got the better of thesw 
also. Though he always continued to avoid handling metals, minerals, or things 
painted with these bodies. When I left Russia, he was very well ; and I have 
lately heard by a letter that he continues so; and I believe he observes the same 
circumspection about paints and metals as before. 

III. The Description of a New and Safe Crane, which has Four Different Power*', 
invented by Mr. James Ferguson, F. R. S. p. 24 . 

This paper may be more advantageously consulted in the supplement to the 
author’s book of Lectures, p. 3. 
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tV. Of (hf Mean's tHstance and Parallax. By P. Murdoch, D. I)., and 

F. R. S. p. 29. 

The following contains an easy rule for determining the moon’s distance, from 
the received theory of central forces. 

Sect. /. Sir Isaac Newton investigated the law of gravitation, in the duplicate 
ratio of the distance of - the central body inversely, from the following data. 1 . 
The length of a simple pendulum whibh vibrates in one second of time, gave 
him, by Huygens’ theorem, a determinate measure of the force of gravity, at 
the place of observation. And, by his own theory, he could thence infer the 
like measure for any other place, of a given latitude. 2. The pith’s semidia- 
meter was computed from the Abbe Pioard's measure of a degree of the terres- 
trial meridian. 3 . The moon’s parallax as determined by the moat skilful ustro- 
, Berners,, gave him the moon’s distance in semidiameters of the earth. 4, The 
time of a periodical month gave him the ratio of the versed sine of the arc of 
' the moon’s orbit which she describes in one second, to the radius. 

And from these his conclusion was: that the gravitation at the earth’s surface, 
being diminished as the square of the distance from the earth’s centre increases, 
would, at the distance of the moon, produoe a fall from rest, ip one second, 

• precisely equal to that versed sine. Or, that the gravitation of the moon toward 
the earth, being increased as the square of that distance is diminished, would at 
the earth’s surface, be of the same quantity-as that of foiling bodies is (by the 
experiment of the pendulum) actually found to be. 

H. But the law of gravitation, thus deduced, being found to hold universally, 
and reciprocally, among all the great bodies of our system, so that even the mi- 
nute anomalies of their motions are explained from it; we may npw assume it as 
given, and make the moon’s distance tho quantify sought. Thus, writing * for 
the number of feet which a bpdy falling from rest describes, in vacuo, at the 
equator, in one second; v for the versed sine of the arc of the moon’s orbit de- 
aoribyl in the same time, to the radius unity; d fo r the semidiameter of the 
equator in feet: and the ratio of the distance of the centres of the earth and 
moon, to the semidiameter of the earth, that of x to I : we shall have, by the 
general tow, the moon’s foil in 1*, equal to but the same fall is equal to v 

. X P X x; whence * 3 and S 5? is the distance sought, inserni- 

dtometers of the equator. 

Now a simple pendulum which beats sespuds, measuring at London 39.126 
inches; if the usual allowance is made for the weight .of the air, and for the 
: Newtonian figure of the earth, the weight taken off by the centrifugal 
force being likewise tsstpred, ,3 seppndpendujjwo St the equator , wopld be 39.1,54 
inches tong* And, by Huygens’ nd<^ half tfejs length .is tp the initial fall in pne 
3 



Digitized by 


Google 


88 PHILOSOPHICAL TRANSACTIONS. f ANNO 1/04. 

second, in the duplicate ratio of the diameter of a circle to its circumference; 
that fall therefore at the equator, and in vacuo, is 16.10185 feet; the logarithm 
of which number is 1 .2068645 = log. f. 

The toises in a degree of the equator, or, which is the same, in a degree of 
the meridian at lat. 54f, being nearly 57200, the logarithm of the number of 


feet English in the semidiameter of the equator, 

that is log. d will be nearly 7.321 1900, 

And the log. versed sine of the moon’s arc in 1 being — 12.5492882, 

Their sum — 5.8704782 


taken from log. f, leaves -+■ 5.3363863, a 3d of which is 1.7787954, the loga- 
rithm of x = 60.O8906 semidiameters of the equator. And the arithmetical 
complement of this last logarithm, which is — 2.2212046, is the log. tangent of 
the moon’s mean horizontal parallax at the equator; whieh therefore is 57' 12'.34. 

Ilf. Such would be the distance of the earth’s and moon’s centres, were the 
earth immovable; but it is somewhat increased by their revolution round their 
common centre of gravity. Writing x + 1 for that distance, divided by the 
centre of gravity in the ratio of x to 1 ; imagine a spherW. Hetc ly.— O rig. 

f Tliis effect of lightning generally happens to such bodies which, in some measure, resist its en- 
trance, &e. merely on account of their being imperfect conductors. W. Henly.— O rig. 

. t This distinguished philosopher and physician was- bom at Aberdeen, in 1736', and died in Lon- 
don of a dropsical affection in 1802. After the usual elementary instruction at a grammar- school, ha* 
was sent to the college at Aberdeen, and from thence, at the age of 15, he went to England, and. 
was received as a pupil, by his unde. Dr. J. Fordyce, who practised physic at Uppingham, in 
Northamptonshire. With this relation he remained several yean, and then-removed to Edinburgh,, 
for the further prosecution of his studies in physic. He took his degree at that university in 1758 or 
1759. After this he went to Leyden, and on his return to England, he resolved to settle in London. 
As he had expended the whole of his patrimony on his education, and had acted contrary to the 
wishes of his relatives and friend^ in choosing the metropolis of England as the place of his residence,, 
he felt that every thing depended on his own abilities and exertions. Thus circumstanced, he began 
to deliver a course of lectures onchemistry ; and the emolument he derived from thi9 source, induced 
him a few years afterwards to lecture on the materia medica and practice of physic, also. Before 
this period, no other lectures, appertaining to the profession of physic, beside those on anatomy, had 
been delivered in the metropolis : Dr. F. may therefore be considered as one of the founders of the 
London Medical School, having tint set the example of publicly communicating instruction on three: 
very important branches of medical study, without a knowledge of which anatomy is of no avail $ 
namely, the materia medica, pharmaceutical chemistry, and the history and treatment of diseases. 
This example originated in Dr. F. and has since been followed by many other physicians, in Lon- 
don, with no less credit to themselves than advantage to their pupils* 

In 1765/ Dr. F. wa» admitted a Licentiate of the College of Physicians, and about 5 years after 
he was chosen physician to St. Thomas's Hospital. In 1776\ he was elected f. e. s. and in 1787 be 
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be ignited. One of the means of producing heat is inflammation ; and this, as 
is well known, is sufficient for ignition. But besides the light produced by igni- 
tion, there is also light produced by the inflammation itself. For the investiga- 
tion of this principle, it will be necessary to consider ignition in the first place. 

Substances, heated to between 6 and 700° of Fahrenheit’s thermometer, 
begin to be luminous in the dark. If they be colourless, the light which is first 
observed is red ; as the heat is increased, there is a mixture of yellow rays ; and 
lastly a due proportion of all the coloured rays to form a pure white, which has 
been commonly called, by chemists, a melting heat. The intenseness of this 
light depends much on the density of the heated body ; for while metals, heated 
to this degree, throw out a strong light, the vapour at the end of the flame of a 
blow-pipe, properly applied to a lamp, is not visibly luminous, though the heat 
be so, great as immediately to give a white heat to glass. The colour of this 
light is affected by the colour of the ignited matter. While zinc is calcining, 
the pure white calx throws off a light, which vies with that of the sun in bright- 
ness and purity ; the green calx of copper gives to the flame of a fire, in which . 
it is calcining, a beautiful green ; and tallow burning in a candle, being con- 
verted into empyreumatic oil, as it passes off from the wick, the yellow colour 
of this oil gives a yellowness to the flame, which very much alters the colours of 
objects seen by candle light from what they appear to be in the day. 

The light produced by the decomposition of bodies in inflammation is totally 
independent of the heat, and its colour is blue ; for substances which bum, 
without producing 6oo° of beat of Fahrenheit’s thermometer, give light during 
their inflammation. Thus, phosphorus of urine, exposed to the air, bums and 
is decomposed, producing light with very little heat ; and that this is a true in- 


was admitted a Fellow of the College of Physicians. At this time the college was occupied in re- 
vising its Pharmacopoeia, a business for which Dr. F. was peculiarly qualified 5 accordingly it is said 
that many of the improvements, especially in the chemical processes, were suggested by him. 

Dr. F.’s medical works consist of Elements of the Practice of Physick j a Treatise on the Digestion 
of the Food ; his 4 Dissertations on Fever 5 and 3 Memoirs inserted in the Medical and Chirurgical 
Transactions. His philosophical ’writings, besides his Elements of Agriculture and Vegetation, con- 
sist of the following papers, many of them relating to chemistry, inserted in the Phil. Trans, 
namely, the present paper on the Light produced by Inflammation $ an Examination of various 
Ores in the Museum of Dr. W. Hunter, (Phil. Trans, vol. 69 ,) A New Method of Assaying Copper 
Ores, (Ibid. vol. 70 ;) Experiments on the Loss of Weight in Bodies when Melted or Heated, (Ibid, 
vol. 71 5 ) Account of an Experiment on Heat, (Ibid. vol. 77 ;) the Cronian Lecture on Muscular 
Motion, (Ibid. vol. 7 85 ) On the Cause of the additional Weight of Metals on being Calcined, (Ibid. 
voL 82 $) Account of a New Pendulum, being the Bakerian lecture. Dr. F. was moreover the au- 
thor of those curious experiments related by Sir Chas. Blagden, (Phil. Trans, vol. 65 ;) in which 
different persons were exposed to high degrees of temperature, in rooms heated for the purpose. 

For other particulars concerning Dr. F., the reader is referred to the Gent Mag. and Month. Ma^. 
for the year 1802. 
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flammation and decomposition appears from this experiment : take a receiver of 
white glass, capable of holding (3 or 8 gallons ; put into it a drachm of phos- 
phorus of urine, finely powdered, and half an ounce of water ; cork the mouth 
of the receiver, and tye it over with a bladder, so as to exclude the external air ; 
incline the receiver to all sides gently, and afterwards set it to rest ; the powder 
will adhere to the sides, and the water will drain from it. As soon as the water 
is sufficiently drained off, the particles of the phosphorus will become luminous, 
and emit a thick smoke : this will continue for some days ; but at last no more 
light or vapour will appear. Open the receiver, and you will find that the air 
will have contracted, as it does from the inflammation of a candle in Van Hel- 
mont’s experiment ; that is, about a 20th part. It is become unfit for infiam- 
jnation ; for if a lighted candle be immersed in it, it will be extinguished as well 
as the phosphorus, and an animal will be suffocated by it. The air then has 
suffered the same change, as that air which has served for the inflammation of 
other bodies ; and the phosphorus is partly decomposed, the water in the re- 
ceiver being impregnated with its acid, and the air saturated with its phlogiston. 
Blow fresh air into the receiver, and the light and smoke will immediately 
re-appear. In like manner, it is known that sulphur will bum and give light 
without heat sufficient for ignition. Take a piece of iron heated nearly red hot, 
and throw a little gunpowder on it. If the heat be of a proper degree, the sul- 
phur will bum off with a blue flame, without heat sufficient for ignition ; for 
if such heat had been produced, the gunpowder would certainly have taken fire, 
which it does not. It is the inflammation and decomposition of the sulphur, 
and not its evaporation, which produces light ; for if we sublime sulphur in close 
vessels, made of the most transparent glass, no light will be visible, except at 
the very beginning, when a small portion of it bums till the air in the vessel be 
saturated, and rendered unfit for inflammation. 

That the light produced by the decomposition in inflammation is blue, in 
whatever degree of heat the inflammation takes place, appears from observing 
the bottom and lower part of the flame of a candle, where the inflammation is; 
the light produced is blue. Or take a candle which has burnt for some time, 
extinguish it by applying tallow to the wick, and let it stand to cool ; afterwards 
set it on fire by the flame of another candle : at first no more vapour will arise 
than can be acted on by the air at once ; inflammation therefore will go on in the 
whole small flame, and it will be blue. ' It may be necessary to observe here, 
that when a candle burns, the following process happens : the tallow boils in the 
wick, and is converted into empyreumatic oil, rising from' it in the form o 
vapour. As it rises from every part of the wick, the volume is increased till it 
comes to the top, and gives.to the lower part of the flame the form of a frus- 
trum of an inverted cone. The air is applied to the outer surface of the column 
* 
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of vapour, and, there decomposing the empyreumatic oil, produces heat and 
blue light ; the stratum of vapour, within the outer burning surface, is heated 
white-hot ; the heat diminishes towards the centre, which, if the flame be large, 
is scaroely red-hot ; as the column rises, decomposition taking place constantly 
On its surface, it necessarily diminishes, and the upper part of the flame is 
conical. That the tallow boils in the wick can be seen : that it is converted into 
empyreumatic oil is proved by drawing the vapour, rising in the middle of the 
flame, where it does not bum, into a glass tube; the empyreumatic oil con*- 
denses. This also 6hows that the flame dees not bum in the middle. That the 
heat is produced on the outer surface appears, if we take a small rod of glass, 
and put the end of it in the blue flame on the surface ; it will be heated white- 
hot and melt. Immerse the rod into the flame, so that the point shall be in 
the centre, it will melt and bend where it is in the blue flame on the surface ; 
•whereas, if the flame be large, the point which is in the centre will hardly he 
heated red-hot. That the empyreumatic oil is decomposed, is proved by burning 
a candle with a very small wide in distilling vessels, no condensation of empy- 
reumatic oil takes place. We may conclude therefore that light is produced by 
the decomposition, as well as by the ignition, in inflammatujru 

Lest the manner of powdering phosphorus should not be known. Dr. F. gives 
the process : take phosphorus of urine 2 drs. ; put it into a 4 oz. phial ; pour on 
it 3 oz. of water ; heat it gently, by immersion in warm water, till the phos- 
phorus melts ; shut the phial with a cork ; take it out of the water, and shake 
it briskly till it be cold ; the phosphorus will be found in powder. 

XXXI. Experiments on Ignited Bodies. By J. Roebuck , M. D., F. R. S. p. 50Q. 

Mr. Buffon asserts, that he found a ball of iron, which weighed 49 lbs. g oz. 
when cold, to weigh, when heated to a white heat, 49 lbs. 1 1 oz. whioh is an 
augmentation of weight of 194 - grains to the pound. This extraordinary fact, 
•circumstantially narrated by that ingenious author, being contrary to the opinions 
•of those philosophers who have mo6t enlarged our natural knowledge by their 
candid and oautious inquiry into the qualities of bodies, induced Dr. R. to make 
similar experiments. 

Some time ago, when at Birmingham, he had very luckily an opportunity, 
by the aid of two accurate balances of Mr. Bolton’s ; one of which would, 
without straining the beam, weigh aipound and turn with the 10th of a grain; 
end the other weigh half an ounce, and turn with the 100th part of a grab. 
Dr. R. heated a piece of iron, of nearly 1 lb. weight, to a white heat, or what 
the smiths call a welding heat, and found* by the most accurate experiments be 
could make, and several times repeated, that the iron, when left several hours in 
4he balance to cool, .weighed nearly one grain less when cold than when hot; 
l 
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and that a piece of iron, of about 5 dwts. which was tried by the smaller and 
more accurate balance, weighed, as appeared by an index which moved opposite 
to a quadrant, somewhat more when cold than when hot. Dr. R. tried the 
same experiment on copper ; and found a piece of copper, of nearly 1 lb. weight, 

4 grains lighter after it had been left some hours to cool in the balance than 
when it was put in. He repeated the experiment, and found the event the 
same ; but suspecting this might possibly arise from the copper casting scales, 
he placed a sheet of white paper under the balance, and collected as many 
scales as made up nearly the deficiency of the weight. 

April 29 , 1776, Dr. R. heated a cylinder of wrought iron, which weighed 
55 lb. to a white heat, and exactly balanced the same, when hot, in the presence 
of many members of the r. s. After the cylinder had been 2 hours cooling in 
the scale, he weighed it again, and found that it had increased in weight 3 dwts. 
and a few grains. Five hours after cooling, Mr. Magellan weighed it, and 
found it had increased in weight 3 dwts. 1 7 grains. Six hours after cooling, 
when the cylinder was blood-warm. Dr. R. weighed it again, and found it to 
have increased in weight 4 dwts. The day following, about 22 hours after 
cooling he again weighed it, and found that it had increased in weight 6 dwts. 17 
grains. Mr. Abram Whitehouse, who was very solicitous to have the above ex- 
periment made accurately, procured from Mr. Samuel Read a very exact beam, 
which readily turned, to the conviction of all the above gentlemen, with less 
than a pennyweight, though loaded with the above iron cylinder ; but Matthew 
Raper, Andrew Crosby, Esquires, and Dr. R. examined the l£am leisurely &nd 
accurately, and found it turned very distinctly with 4 grains, though loaded as 
above. In order to discover the cause of this increase of weight of the cylinder 
when cold, Dr. R. heated 2 oz. 8 dwts. of the scales or calx of wrought iron, 
and found the same to increase in weight 5 grains when cold. Dr. R. heated 2 
pieces of pure silver which weighed 2 lb. 10 oz. 5 dwts. ; and when the silver 
was cold it increased in weight 5 grains, though it produoes no calx from being , 
heated red-hot. 

XXXII. Experiments and Observations on a New Apparatus , called , A Machine 

for exhibiting .perpetual Electricity. By Mu William Henley, F. R. S. 

p. 513. 

Mr. George Adams, philosophical instrument maker to his majesty, lately 
showed to Mr. H. a little apparatus, which he called a machine for exhibiting 
perpetual electricity, invented by Mr. Volta. This machine oonsisted of a cir- 
cular plate of glass, about 8 inches in diameter, covered on one side with a coat- 
ing of bees-wax and rosin, about the 2 6th part of an inch thick. This coat of 
wax, &c. bring strongly excited with a dry warm flannel, he placed on it a cir- 

-vol. xxv. O 


Digitized by 


Google 


g8 PHILOSOPHICAL TRANSACTIONS. [ANNO 1770. 

cular board, of the same dimensions, coated with tin foil, and furnished with a 
glass handle screwed to, and standing upright on it. These bodies having re- 
mained' in contact some seconds, the board was raised up by the glass handle ; 
when, applying the knuckle to the tin foil coating, a snap was heard, a spark 
seen, and a small sensation felt. On replacing the board, and permitting it to 
remain some seconds, as before, having touched the tin foil with a finger, on 
removing it again, and applying the knuckle, as at first, the same phenomena 
were produced ; and might, Mr. Adams observed, be repeated for a long time, 
without any renewal of the excitation of the wax, any further than the replacing 
the board might be said to excite it. It immediately occurred that, as this plate 
of wax, &c. was made by excitation, a strong negative electric, the phenomena 
produced by it could only be the reverse of those Mr. H. had formerly made 
with an excited plate of glass, and published in the Phil. Trans., vol. 64, viz. 
where Mr. H.’s were positive, these were negative ; and where his were nega- 
tive, these were positive. 

But, to determine this matter, Mr. H. made the following experiments. First, 
he insulated Mr. Canton’s electrometer, and having electrified the balls posi- 
tively, he presented toward them the excited wax, as soon as it had been sepa- 
rated from the coated board ; and perceived that the balls were attracted by the 
wax ; but, if the balls were electrified negatively, they were as plainly repelled 
by it. The board produced just the contrary effect. Secondly, he held his 
Leyden vacuum, or analysis of the Leyden bottle, described Phil. Trans., vol. 
64, by the coated bulb, and touched the brass ball on the neck of it with the 
coated board, the moment it had been separated from the excited wax, &c. and 
instantly perceived a variety of beautiful streams dart from the point of the wire 
in the bottle, and spread themselves in different directions through the bulb. 
On repeating the experiment, and presenting the coated part of the bottle to- 
ward the board, a small spark of light appeared on the point of the inclosed 
• wire ; a plain indication that the point had received electricity, and that the 
coated board, being separated from the wax, &c. was strongly electrified plus ; 
and consequently the coating of wax, &c. on the plate of glass, minus.. These 
phenomena, being so often produced, without a fresh excitation of the wax, 
though they are astonishing to strangers, will not be so surprizing to electricians,, 
who have considered Mr. Grey’s experiment with a cone of sulphur, contained 
in a glass vessel, which, as often as they were separated, showed signs of elec- 
tricity in all states of the weather. See Dr. Priestley’s History of Electricity, 
2d edit. p. 39 . , 

Mr. H. has showed, at large, in a former paper, that merely heating either 
glass or amber will not make them electrical ; but the friction of glass against 
glass, or sealing-wax against sealing-wax, previously wanned, will excite either 
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of these substances. But, pressing a finger in the gentlest manner on the 
amber, after heating, will excite it. Indeed, a fine piece, which Mr. H. fre- 
quently carried in his . pocket, he always; perceived to be electrical, without any 
other friction than what it received from the pocket. And negative electrics, 
per se, being once thoroughly excited, are observed to retain their electrical 
quality very long, as they do not so soon attract the moisture in the atmosphere 
as glass. Glass however will retain its electricity many hours. Mr. Canton in- 
formed him, that having excited a rod of glass very strongly, he set it at some 
distance from the fire in his parlour, and found that it was electrical, after stand- 
ing in that situation, in dry air, 24 hours. How much longer it would have 
retained its electricity, had he let it remain there, he knew not. How long a 
large and neatly prepared Leyden bottle will retain its charge, so as to be sen- 
sibly electrical, Mr. H. had never experienced; but Dr. Priestley observes, 
History of Electricity, p. 51 6, that he has more than once received such 
shocks, as he should not like to receive again from the residuum of his batteiy, 
even 2 days after the discharge, and when papers, books, his hat, and many 
other things, had lain on the wires the greatest part of the time. Even the 
residuum of a residuum, he says, he has known to remain in his batter}' many 
days. One thing, however, is very remarkable in Mr. Adams’s apparatus, viz. 
supposing die negative electric to have parted with its electricity to the rubber ; 
why, when the coated board or plate of metal is set upon it, and that plate is 
touched by a finger, the equilibrium is not thus presently restored ? But, 
perhaps, when the electric matter, naturally inherent in bodies, is once 
thoroughly excited and put in action, it is not so soon as might be suspected 
reduced again to a quiescent state, especially in bodies so peculiarly adapted to 
affect each other as these appear to be. 

XXXIII. Account of the Iron Ore lately found in Siberia. By Petr. Simon 
Pallas , M.D.y F.R.S. Dated Petersburgh, Nov. 6, 1 775. p.523. 

“ I have embraced the opportunity (says Dr. P.) of a parcel I sent to Mr. 
Drury, to offer the Society a specimen of the native iron, of which I found out 
a large mass in the Siberian mountains, which is now transporting to Petersburg. 
I read in sgme foreign journals, that a short account of this mass has been pub- 
lished in the last volume of Philos. Trans, from a letter of M. Staehlin, of our 
Academy ; but as the contents qf it, drawn from the informations 1 gave to our 
Academy in my itinerary relations, seem not to have been exact, I beg leave to 
give you here a faithful and fuller account of the place and circumstances in 
which that memorable mass was found. 

It is to be observed, that in the neighbourhood of the river Jenisei, one of 
the largest that runs from the south through Siberia, and to the Northern 
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Ocean, and near which the mass of native iron has been discovered, there is 
great plenty of iron ores, as well in the flat layers towards the northern level of 
the country, where, among othprs, whole banks of ochraceous minerals, with 
scattered trees and pieces of wood turned to rich iron ore, and near the town of 
Jeniseisk, a rich iron ore, in the form of white clay and white sparry stones, is 
to be found; as also in the steep mountains, where the strata dip very consider- 
ably, and ores of iron, copper, and even impregnated with gold, are found in 
veins dnd nests. On the mountains, that lie along the eastern side of the above- 
mentioned rivers, from 56° to 52° of latitude, where the highest ridge of moun- 
tains begins, iron ores are most common, and the mountains generally consist of 
grey or black slates and shivers, which rise steeper, or in a greater angle to the 
horizon, as they come nearer to the high ridge of mountains, and approach 
more to a level position, as they extend to the north. Some of these secondary 
mountains are very high, rising very often to some thousand feet above the sea 
surface, and most of them are covered with -forests. A very rich Iron ore in 
veins was here discovered in the year 1 74Q, on a steep, woody mountain, about 
10 English miles from the river Jenisei, and 180 miles from the town of Kras- 
nojarsk, situated on that river to the southward, about 54° of latitude, between 
two rivulets, known by the names of Ube'i and Sisim, and running into the 
river on the eastern side. This place was then visited by the Russian miners ; 
but as there was plenty of iron ores situated much nearer to the Fabrics, the 
mine never was worked, though the ore contains above 70 pounds of iron in the 
hundred weight, being of a dark steel colour, turning red when rubbed, and in 
some parts endowed with a magnetic virtue. On the same mountain, where this 
mine is situated, on the north side, much below the top of the mountain, the 
mass of native iron lay on the very ridge, without being fixed to the rock, 
which is a grey, stratified saxum. There was, on that and the neighbouring 
mountains, no trace of ancient miners and their kilns, which are found in many 
other parts of Siberia, and in which those miners, of some former and hitherto 
unknown nation inhabiting these parts, mostly worked on copper ores. Nor 
could so large a mass ever have been formed in the small kilns of these people;, 
which never could yield more than 50 or 6o pounds of metal at a time 
whereas this mass, in its first condition, weighed above 1680 Russian pounds.. 
It is throughout of the nature you may see in the specimen which M. Drury, 
will deliver. The iron is formed in a coarse, spongy texture, mostly pure, per- 
fectly flexible, and fit to be worked to small tools by a moderate fire ; but in a 
more violent one, and chiefly being melted down, it becomes dry and brittle,, 
resolves in grains, and will no more stick together, nor extend under the hammer. 
In its natural state, the iron itself is incrusted with a kind of varnish, which has 
preserved it from rust ; but, wherever this is lost, or the icon bars broken,, rust' 
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comes on very readily. The cavities formed by the iron are equally filled up 
with a kind of fluor, which for the most part is of a clean, transparent, amber 
colour, cuts glass, has none of the properties of scoria, and forms, according to 
the hollows it fills, various roundish grains or drops, very glossy and clean, oh 
their surface, having one or more flat surfaces. This fluor is extremely brittle, 
and thus, by cutting off any part of the mass, this substance is lost, and comes 
off partly in grains, and partly in form of a coarse powder of vitrescent matter. 
The whole mass has no regularity of form, but resembles a large, oblong, 
somewhat flatfish pebble, and is coated on the outside with a matter resembling 
some blackish brown iron ores. This coat ho,wever covers not the whole mass ; 
it is also very rich of iron, and even the transparent fluor yields some pounds of 
iron in the hundred. Whoever will consider the mass itself, or large specimens 
of it, will not have the least doubt of its being worked by nature, since it has. 
no one character of scoriaceous matters melted by artificial fire, or commonly 
found among volcanoes. I< 

With regard to these, as seeming a probable plape where this mass could have 
been .formed, it may not be amiss to add the following observations. The 
mountains, where it was found, are part of the northern extensions of that 
mighty chain of mountains which runs from west to east through Asia, and 
forms the natural limits of Siberia, with the Desarts of Tartary, the Mongols, 
and the Chinese Empire. From the river Irtish, where the forehills and lower 
parts of these mountains yield, in a great many places, the richest silver ores, 
file chain runs generally somewhat to the north-east, and therefore extends to 
the east of the river Jenisei, over a much greater part of Siberia than what it did 
before. Its forehills are almost every where composed of rocks and strata,, 
rising very steep to the horizon, and the horizontal layers are only found in the 
level country, in which al€o all kinds of fossil and petrified sea productions are 
very scarce, and only found in the very northern parts of Siberia. Common 
flint is as scarce in Siberia as petrifactions, and nothing like productions of vol- 
canoes any where to be found. Even in some places, where hot springs are 
found, these seem only due to collections of pyritae of no great extent, and the 
slight earthquakes which are sometimes observed about the river Irtish, and 
more frequently about the lake Baikal, certainly rise in the very neighbourhood 
of this lake and of the Noor Saissan, which gives rise to the river Irtish; and 
about these lakes never any thing like a volcano has been, heard of, nor is there- 
one known in the northern part of Asia, except those in Kamtschatka and the- 
islands newly-discovered between that peninsula and the continent of North- 
America. The same gmay be assured of the Urallian mountains, a ridge, 
that runs from south to east,, and continues to. the very Northern Ocean andi 
Nova Semlja, being only interrupted by the Strait of Waygat. It is this. 
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ridge of mountains that makes the natural limit between Europe and Asia, and 
to the east of which the largest share of true remains of elephants, rhinoceroses, 
and large buffaloes, is found in the banks of all the larger rivers that run from 
the above-mentioned chain of mountains to the Northern Ocean, and yield such 
remains from the places where they reach the plains of Siberia (no such bones 
being ever found in the higher mountains) to the very ocean ; where the frozen 
earth of the northern plains preserves these remains of southern animals in such 
perfection, that when I was at Irkuzk, the head and two legs of a true rhinoceros 
were sent from the river Wilui, with its skin and part of the tendons preserved 
on them, which are now in the Museum of our Academy, and are fully 
described and figured in the 17 th volume of Nova Commentaria Petropolitana.” 

XXXIV. On the Crystallizations observed in Glass. By James Keir, Esq., 

p. 530. 

The peculiar figure of rock crystal has been long observed. Many other 
substances, as spars, precious stones, pyrites, ores, metals,* salts, waterf* and 
oil,J are also known to affect a uniformity of shape, when they are exposed to 
certain degrees of heat, cold, fluidity, and other necessary circumstances. 
From their resemblance in this respect to rock crystal, they are said, when they 
assume their peculiar forms, to crystallize; and the regularly shaped bodies, 
into which these substances concrete, are also called crystals. 

In many, substances, when broken, the parts appear to have some determinate 
figure. This determination of figure, or grain, as it is called, is obvious in 
bismuth, regulus of antimony, zinc, and all other metallic bodies, which may 
be broken without extension of parts ; and though the ductility of gold, silver, 
lead, and tin, prevents the appearance of the peculiar grains, when pieces of 
these metals are broken, yet we have reason to believe, that by exposing them 
to proper circumstances, they also would show a disposition to this species of 
crystallization, as it may be called, by a further extension of that term ; for 
Mr. Homberg has observed, that when lead is broken while hot, in which state 
it is not ductile, a granulated texture appears. Perhaps all homogeneous bodies, 

# Native gold has been found in a crystallized form. M. Rome de Lisle in his Essai de Crystallo- 
graphy, p. $ 90 , says, that he has seen pieces of native gold which were 8 sided solids, like crystals 
of alum, and one piece which was an hexagonal plate. In Dr. Hunter's museum, some fine speci- 
mens of crystallised native gold are to be seen. Gold may be crystallized by art also. Some sther 
having been poured into a solution of this metal in aqua regia, I observed, a few months afterwards, 
the gold separated from the menstruum, in the form of a distinct polygonous prisms. — Orig, 

f The various and regular forms of the particles of snow, which is nothing else than water 
crystallized, are well known.— Orig. 

X The crystals, formed by cold, in the oil of sassafras, have been observed to be very beautiful, 
regular, hexagonal prisms.— ■Prig. 
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in their transition from a fluid to a solid state, would, if this transition were not 
effected too hastily, concrete into crystals, or bodies similarly figured. Instances 
of such crystallization have occurred in glass, which had passed very slowly 
from a fluid to a solid state; and the form, regularity, and size of these 
vitreous crystals have varied according to the circumstances with which their 
concretions had been accompanied. Mr. K. sent, along with this paper, a few 
specimens of this crystallized glass, together with a drawing of some of the 
most remarkable crystals. 

The pieces of glass, marked N° 1, were taken from the bottom of a large 
pot, which had stood in a glass-house furnace at the time the fire was allowed 
gradually to extinguish. In this case, the mass of heated matter was so great, 
that without the addition of fuel, the heat continued long, and the transition 
of the glass from a fluid to a solid state was very slowly accomplished. The 
upper part of this glass was found to be changed into a white, semi-opaque 
substance, resembling in colour and texture some of the white spars. Under 
this crust, which, in some places, was a quarter of an inch thick, and in others 
more, the glass was transparent, but considerably obscured, and its colour was 
changed from a dark green to a dull blue. In this semUpellucid glass were 
dispersed many white, opaque, regular crystals, the form of which was generally 
that of a solid, whose side view is represented by fig. 2, and its basis by fig. 3, 
pi. 1. The surface of these crystals seems to be bounded by lines rather ellip- 
tical than circular, which are so disposed, that a transverse section of a crystal, 
that is, a section perpendicular to its axis, is a hexagon, as in fig. 4 and 5 ; the 
former of which represents a view, and the latter a plan, of that section. In 
the middle of each basis of the crystal, a conical cavity appears, as in fig. 2 and 
3. The elliptical lines which bound the surface of the crystals seem to be occa- 
sioned by the edges of many thin plates, so arranged round the axis of each 
crystal, that their longitudinal diameters are parallel to that axis. Of these 
plates, 12 are larger, more conspicuous, and better defined, than the rest. 
They are placed in pairs, at' an equal distance from each other, forming the 6 
angles of the hexagonal section and basis, as appears in fig. 2 , 3, 4 and 5. The 
intervals between the pairs of plates, that is, the areas of the triangles into 
which the hexagonal section is divided by these pairs, are filled up partly by 
smaller plates affixed to the sides of the principal plates, and of each other, at 
an angle of 60°, and partly by a substance somewhat less opaque and darker 
coloured than that of the plates. The size of the contiguous and of the neigh- 
bouring crystals does not vary much, though that of crystals found at different 
depths of the same pot were observed to differ 'considerably. The greatest 
diameter of the crystals from which the . figures 2, 3, 4, and 5, were copied, 
was about -sV part of an inch, so that these figures represent the crystals con- 
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siderably magnified, All the crystals a,re not by any means formed with the 
same exactness as those described ; some having the hexagonal form less dis- 
tinctly marked ; but the regularity of most of them is so obvious, that no doubt 
can remain of the perfection of the crystallization. 

Another kind of vitreous crystallization appears on the piece of glass marked 
N° 2, which was taken from the bottom of a pot, that had been pulled out of 
the furnace while the glass was red hot. The crystals are of 2 kinds ; those 
represented by fig. 6 are of the columnar form ; their altitude is about the 8th of 
an inch, and the diameter of their bases about a 6th part of their altitude ; their 
sides seem to be irregularly fluted, or cut in grooves. The other kinds of 
crystals, represented by fig. 7, 8, and 9, have bases of nearly the 6ame dia- 
meter as the columnar ones ; but their altitude is much less, being only about a 
6th part of their diameter. Their bases arc bounded by lines seemingly ragged 
and irregular ; but several of them show a tendency to an hexagonal form, the 
regularity of which may have been disturbed by the motion of the melted glass 
acting on and bending these very thin crystals, while they were hot and flexible, 
at the time when the pot was drawn out of the furnace. 

The specimens marked N° 4, are pieces of a glass-house pot, down the outer 
sides of which some melted glass had run, and adhered long enough for the 
formation of various kinds of crystals. The inner sides also of these pieces 
are covered with glass variously crystallized. Some of these crystals seem to be 
semi-columns, of which the flat sides, or interior surfaces, are exposed to view, 
and are represented by fig. 10. Other crystals, represented by fig. 11, seem to 
consist of several semi-columnar ones, uniting together in the same plane round 
a common centre, like broad, flat spokes of a wheel. Many of these spokes 
seem to become narrower as they approach the centre of the wheel, and there- 
fore resemble more the segments of frusta of cones cut along their axis, than of 
cylinders. But perhaps this appearance proceeds only from the semi-columns 
being so disposed near the centre of the wheel, that the edge of one is laid 
over the edge of the contiguous semi-column, like the spokes of a fan. 

In the specimen of glass, marked N° 4, which had run through a crack in a 
pot, and had remained adhering to the bars of the grate of a furnace sufficiently 
long for a crystallization to take place ; some of the crystals appear oblong and 
needle-like, and others globular, or nearly of the globular form. In this piece 
of glass, many of the needle-like crystals are seen to unite round a common 
centre ; and though they have probably been prevented, by the too sudden 
cooling of the glass, from concreting in a sufficient number to make complete 
globular crystals, yet they sufficiently show the manner in which those which are 
-complete, have beeen formed. All the crystallizations, hitherto described, were 
observed in a dark, green window-glass, made at Stourbridge, and called broad- 
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glass. This glass is cpmposed of sand, kelp, calcarious earth, and lixiviated 
vegetable ashes. 

Crystallizations frequently occur also in the glass of which common bottles 
are made, the materials used in the composition of which are nearly the same 
as those abovementioned for broad-glass, with the addition sometimes of the 
scoria of iron furnaces. Of this kind is the specimen marked N° 5 , in which 
the crystals are not enveloped in a medium of transparent uncrystallized glass, 
for the whole piece is an opaque, crystallized substance ; but they are prominent 
from the surface of the mass. The form of the crystals is that of the blade of 
a two-edged sword, whose point is truncated. In no other glass had' Mr. K. 
seen such perfect crystals as in those 2 kinds abovementioned, broad and bottle- , 
glass, which being more fluid and less tenacious, when melted, than any otheF, 
the minute particles of which crystals consist, more easily concrete, and apply 
themselves to each other with less resistance from the medium. Perhaps also 
the greater proportion of calcarious and other earthy particles may dispose these 
glasses to crystallize more than others, which contain a larger quantity of saline 
and metallic fluxes. 

Flint-glass, when long exposed to a dull red heat, acquires a cloudiness, 
which probably proceeds from a number of small white particles, concreted by 
means of crystallization : but these crystals are too minute for observation. 

Mr. K. suspects also that the opaque whiteness, given to glass by 
arsenic, is the effect of a crystallization, to which this substance disposes 
certain kinds of glass ; for the opacity given to such glass by arsenic, being 
greater than the opacity of the arsenic itself, cannot be communicated to a large 
proportion of transparent glass, merely by the mechanical interposition of this 
opaque, and sometimes only semi-opaque substance. 

Mr. Reaumur has observed, that some kinds of glass, by long exposure to 
certain degrees of heat, acquire a white opaque crust on their surface ; and that 
this change of colour and texture, by a longer continuance of the heat, pene-r 
trates farther, till at length the whole substance of the glass is converted into a / 

white, opaque body, which, from some supposed resemblance to porcelain, has 
been distinguished by the name of Reaumur's porcelain, but is really nothing 
else than glass indistinctly crystallized. 

Some of the properties of glass are considerably changed by crystallization ; 
its transparency is destroyed, and it acquires an opaque or semi-opaque white- 
ness, its density is increased, for the density of a piece of crystallized glass was 
found, by experiment, to be to that of water as 2676 to 1000 ; whereas the den- 
sity of apiece of uncrystallized glass, which had bqen contiguous to the former, 
and consequently had been composed of the same materials, and exposed to the 
same heat and other circumstances, was to the density of water, as 2662 to 
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1000. The brittleness of glass is diminished by crystallization ; for crystallized 
glass is less apt to crack by change of heat and cold: 

Crystallization is always accompanied or preceded by an evaporation of the 
lighter and more fluid parts of the glass; for Mr. K. found that, by exposing a 
piece of transparent glass till it was entirely crystallized, a 58th part of its weight 
was lost by evaporation : and he was induced to believe, from other trials, that 
glass, which contains too large a proportion of saline fluxes, is less capable of 
crystallizing than other harder glasses, till it has lost its superfluous quantity of 
such fluxes by -evaporation. A doubt may therefore arise, whether the change 
of properties, induced by crystallization, be merely the effects of altering the 
texture, that is, the arrangement of the minute integrant parts of glass ; since 
this change is always accompanied with a loss of the lighter parts of the crystal- 
lizing substance. But though a superfluous quantity of saline or other fluxes 
may impede the ciystallization, yet that the change of properties induced by crys- 
tallization is principally or solely the effect of an alteration of texture, is evident 
from this observation ; that a piece of crystallized glass, when exposed to a heat 
considerably more intense than is sufficient merely for its fusion, and afterwards 
hastily cooled, loses all its acquired properties, and is again reduced to the state 
of transparent brittle glass, which however, by means of the evaporation it has 
sustained of its lighter and more volatile parts, is rendered considerably harder, 
denser, and less fusible, than it was before the ciystallization. 

Many analogous instances might be adduced to show how much the properties 
of bodies depend merely on the different arrangements of their integrant parts, 
or on their modes of crystallization. Thus, for instance, cast-iron and steel, 
when cooled suddenly, acquire a much finer grain or texture than when annealed, 
or slowly cooled, and are also more hard, elastic, brittle, and sonorous. From 
the above description of vitreous crystals we learn, that very different crystalliza- 
tions occur in the same kind of substance exposed to different circumstances ; 
and even that sometimes differently shaped crystals are found in the same piece 
of glass ; in which case, the circumstances must have been the same. Perhaps 
indeed the difference observable in the shape of the crystals, in the same piece 
of glass, may only mark the' different periods in the progress of crystallization ; 
for the crystals represented by fig. 7, 8, and 9, which are found in the same 
piece of glass as those represented by fig. 6, chiefly differ from these in their 
altitude ; and perhaps, the latter kind may have been composed of a number of 
the former uniting by their bases. The wheel-like crystals also, fig. 1 1, seem to 
consist of several of the semi-columnar ones, arranging themselves round a 
common centre, like the spokes of a wheel. The globular crystals in the 
specimen N° 4 have been already observed to consist of many needle-like crystals, 
converging to one central point. 
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Does not this discovery, of a property in glass to crystallize, reflect a high 
degree of probability on the opinion, that the great native crystals of basaltes, 
such as those which form the Giant's Causeway, or the pillars of StafFa, have 
been produced by the crystallization of a vitreous lava, rendered fluid by the fire 
of volcanos ? This opinion is further confirmed by the following considerations. 
The prismatic and other regularly-shaped basaltes have been almost always found 
to be accompanied with lava, pumice-stones, and other vestiges of the fire of 
the volcanos, whenever they have been carefully examined by intelligent 
naturalists, as has been shown by M. Desmarets, in his Memoir on the Basaltes 
of the province of Auvergne, in France; Mem. de l’Acad. des Sciences, 1771. 
Basaltic columns have even bear discovered, according to the same author, 
among the productions of volcanos now existing, as of those of Mount Etna 
and of the Isle of Bourbon. 

2. The substance of which these basaltic masses consist, is generally of the 
same nature and appearance as the neighbouring and adjoining lava. It is gene- 
rally compact, fusible, and of various degrees of hardness, probably according 
to the matters of which the vitreous mass was compounded. M. Desmarets has 
further observed, that the prismatic basaltes of Auvergne is actually a continua- 
tion, and generally the termination, of a current of lava. 

3. Though the variety of the forms of the crystals, in the same kinds of 
glass, and even in the same piece of glass, which has been already remarked, 
sufficiently shows the uncertainty of any inference drawn from a similarity of 
shape ; yet it may not be improper to mark the analogy, in this respect, between 
the basaltic and vitreous crystals. The columnar or prismatic form is known to 
appear most generally in the crystallized basaltes. Of this form also are 
evidently the crystals represented by fig. 6. The semi-columnar, vitreous 
crystals, fig. 10, seem to be analogous to the no less singular basaltic semi- 
columns observed in the Giant’s Causeway by Bishop Pocock, Phil. Trans., 
vol. 48 ; which he says were exactly like hexagonal columns cut in two; 
M. Desmarets has observed, in the province of Auvergne, great quantities of 
spherical and ellipsoid basaltic concretions, which were formed of polygonal 
columns, rather pyramidal than prismatic, converging from the circumference 
to the centre. These seem to be perfectly analogous to the vitreous globular 
concretions whiah have been above observed to be composed of oblong crystals, 
arranged in a similar manner. The same author also observed, in the same 
province, regularly-shaped tables or plates of basaltes; of which, he says, 
assemblages were accumulated in all directions. We have shown, that the. 
crystals represented by fig. 2, 3, 4, and 5, are really assemblages of plates or 
tables, disposed in eveiy direction round a common axis. 

Lastly. The stone on which the columns of basaltes generally rest, and. which 
sometimes also is supported by these columns, being of the same nature and 
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texture as the columns themselves, seems to be a mass irregularly crystallized, 
analogous to the irregularly-shaped masses in the specimens of glass N° 1 and 
% which evidently consist of a similar substance as the neighbouring crystals, 
and seem to have been composed of a number of these crystals indistinctly 
united ; for the peculiar figures of crystals are distinct only when they are 
insulated, or when they are separated from each other by a pellucid or differently- 
coloured medium. A medium of this kind appears between the vitreous 
crystals, and is nothing else but the more fluid parts of the glass, which longer 
resist the concretion, but which, by a further continuance of the heat would 
have become with the parts already crystallized, one uniform, white, opaque 
substance, without any interposition of transparent glass, or distinction of 
crystal, except on the surface, as in specimen N° 5, in which the crystals stand 
prominent from the indistinct mass, and unenveloped in any medium, in the 
same manner as the basaltic crystallizations appear standing above the mass of 
stone or lava which supports them. 

Further observations on the basaltic and vitreous crystals may probably suggest 
more instances of analogy between these two substances. No just objection can be 
drawn against this analogy from the magnitude of the former compared with 
the minuteness of the latter: for the difference of size between the small 
vitreous crystals and the stupendous basaltic columns, which support mountains, 
islands, • and provinces, is no more than is proportionate to the difference usually 
observed between the little works of art and the magnificent operations of 
nature. 

XXXV. A Belt on the Disc of Saturn described in an Extract of a Letter from 
Mr. Messier , F. R. S., to Mr. Magellan \, F. R. S. Dated Paris, May 2Q, 
1776. p- 543. 

I have observed, since the 14th of May, a belt of a fainter light on the body 
of Saturn, opposite to the part of the ring behind the planet. It is pretty 
broad, and almost as distinct as those of Jupiter. It was with a very good 
achromatic of 3 feet and a half, made by Dollond, that I discovered this 
appearance. I wish you would communicate it to the astronomers, because 
those who are furnished with better instruments may perhaps see some 
inequalities in this belt of Saturn, and so the time of the planet’s revolution on 
its axis may be better ascertained than it is at present. Messrs. John and James 
Cassini seem to have been the only astronomers who discovered this phenomenon 
about the end of the last century. 

XXXVI. An Account of some Poisonous Fish in the South Seas.* By Mr. 

Wm. Anderson, Surgeon of H. M. Ship the Resolution, p. 544. 

. * The fishes which caused the symptoms detailed in this paper appear to have been the Tcfrsdn 
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Some of this ship’s company having eaten of fish which were afterwards 
supposed to be poisonous, Mr. Patten, the surgeon, ordered some warm water 
to be drunk, in order to make the patients vomit; which a little relieved some 
of them. After the nausea had ceased; he gave some weak portable soup, as 
a diluent ; and for the most troublesome symptom, viz. the heat on the surface 
of the body, he prescribed a sudorific julep, the active ingredients of which 
were the antimonial wine and spiritus mindereri. This brought on a breathing 
sweat, which, for a time, abated the violence of the pains. No other medicines 
were used, except some purging salts, for preventing inflammation, in 2 or 3, whose 
mouths and throats had been more particularly affected. Their diet consisted 
chiefly of tea, sago, and portable soup. Mr. A. has omitted saying any thing about 
the manner in which the poison operates, as the instances were too few, to draw 
any certain consequences from them ; but only observes, that its action may be 
such, as to affect and deprave some of the organs of sensation, without much 
irritating the first passages; because in all the patients the disorder of the 
stomach and bowels had long ceased before the Other symptoms went off. And 
he was confirmed in this opinion by a circumstance which afterwards happened 
to Capt. Cook, who, having eaten a small piece of the liver of another kind of 
fish (a tetraodon)* was not sensible of being hurt by it, till waking in the night, 
and calling for a draught of water, he neither cduld feel the vessel with his 
hands, nor was sensible of its weight when he grasped it. On the other hand; 
it was remarked, that some of the other gentlemen, who had likewise eaten of 
that fish, had also a vomiting and looseness. The difference perhapb depended 
on the quantity taken into the stomach, and the particular constitution of the 
person. 

July 23d, 1774, on board his majesty’s ship the Resolution, off the Island 
Malicolo, in the South Sea, 3 fish, of the same species, that had been caught, 
being dressed for dinner, affected all those who ate of them in an uncommon 
ynaniwr ; but 5 persons, who had eaten of one of them, were more severely 
attacked than the rest. Immediately after eating, nothing was felt but some 
uneasiness, or such pain as follows from swallowing any acrid substance, in the 
mouth and throat. About 2 in the afternoon, some felt an uneasiness in the 
stomach, with an inclination to vomit ; but it was near the evening before those 
who suffered most were affected. The symptoms at first were universal lassitude 

occUatus, and the Spanu Pagrut of Linnaeus. It has been supposed, with great appearance of 
truth, that when such consequences follow, they have been owing rather to the food of the fish, 
than to any thing inherently poisonous in its flesh, Many marine animals among the tribe of 
Mollusc&are of a highly acrimonious and irritating nature, and the fish which prey upon them are 
more or less imbued with the acrimonious juices of such animals. 

* Tetrodon occllatu* t Linn. This fish, unless very carefully cleaned before eatings js said to» 
have often proved fetal in the space of two hours* 
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and weakness, followed ,by a retching ; and in some, by gripings and loose- 
ness. To these succeeded a flushing heat and violent pains in the face and head, 
with a giddiness and increase of weakness ; also a pain, or, as they expressed 
it, a burning heat in the mouth and throat. Some had the mouth affected in 
such a manner, that they imagined their teeth were loose; which might really 
be the case, as a considerable spitting attended this symptom. The pulse all 
this time was rather slow and low. The retching and looseness did not last 
long ; but the pain and heat of the head were extended to the arms, hands, and 
legs. The patients continued in this manner all the night, but with some 
intervals of ease. Towards the morning, the pains, especially those in the legs 
and arms, but more particularly about the knees, were severer than before. 
These would sometimes remit and frequently shift, or be more violent in one 
place than in another. Sometimes the pain would remove suddenly from the 
legs, and fix in the head ; the palms of the hands were hot ; and the fingers, 
legs, and toes, felt often as if benumbed : even the whole limbs became in 
some measure paralytic, the sick person being unable to walk unless supported. 
Though there appeared no swelling in the face it might be observed to have a 
sort of shining or gloss on it ; and the patient sometimes imagined his nose was 
grown to a great size. 

24th, In the forenoon they continued much the same; but some, after 
sleeping, were rather easier ; and one had a copious spitting, which however 
gave him no relief, for at noon the pains in his limbs ceasing, they were removed 
to his head, which they affected violently with a sense of throbbing and great 
heat ; nor were there any of the patients, but this one, who complained much 
of thirst duping the illness. Another, in particular, had the pains in his knees 
so increased, that they made him cry out. The uneasiness at the stomach and 
heat of the throat in all had nearly ceased. When the mucus about the fauces 
was forced away by straining, it felt hot, and left the same sensation about the 
throat for some time. In the afternoon, most of them grew much easier, but 
continued weak ; and 2, who now seemed better than they had been before, 
complained of heat and soreness in their hands and feet. 

25th, All 5 had rested tolerably in the night ; but complained of weakness and 
soreness of the mouth, with heat in the hands and feet. One, who had been 
rather worse than the others, still had a considerable spitting. 26th, All con- 
tinued better, but the pains were not entirely gone. The great weakness, with 
heat in the hands and feet, were still general complaints, and the soreness in the 
mouth remained in some. The one mentioned as having a large discharge of 
saliva, continued spitting; and another began to have the same complaint, 
though in a less degree. 

27 th, One of the 5 had no complaint but a disagreeable sensation on rubbing 
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his skin in any part of his body. Another, as yesterday, mentioned a slight 
giddiness, weakness, &c. A 3d, who had been the worst of all, and who had 
taken some purging salts, was much better. The other 2, who had seemed so 
well the day before, became worse at night ; one of them, who before had 
violent pains in his knees, had a return of the same symptom ; the other had 
pains in his legs, and a universal uneasiness. 28th, They were all considerably 
better, except one, who had been seemingly well the night before, but com* 
plained now of much weakness, and flying pains in his limbs. 29th, All of 
them mended, but still complained of wandering pains in the limbs, weakness 
and heat in their hands and feet. 30tb, Continued as yesterday. At times they 
seemed quite well ; but in the morning they complained of more weakness than 
in the preceding evening ; and the pains, which generally appeared to be almost 
gone in the day, returned at night. 31st, All were better, but not without 
some slight pains and a weakness in the morning ; and some still felt a disagree* 
able heat in their hands and feet, and others in their mouth. 

August I , One had no complaint. The rest not altogether free from pains, 
and a sense of weariness or weakness. 2d, All were pretty free from pain'; but 
one had still too much heat in his hands. 3d, All recovered ; some trifling pains 
and a little weakness excepted. 

These notes Mr. A. kept of the 5 who had eaten of one flsh. With regard 
to those who had eaten of the two other fish, they were not so severely affected. 
No signs of illness appeared among them till night ; some had then a nausea, 
retching, and some loose stools r Others felt only pains in the backs, arms, 
and legs, as in a rheumatism ; but it was observed, that in all, the face was 
more or less affected with an uneasy sense of stiffness. All these, though at 
first slightly ailing, and though the symptoms were later in coming on, had 
this circumstance attending them, that they were all worse next day in the 
evening. On the 25th, they continued much the same as on the day before in 
the afternoon ; but towards night they got somewhat better. They had pains in 
their arms and legs, with a weakness and sense of heat on the surface of the 
body. 26th, All complained in the same manner ; and, though the pains were 
less, they continued, often shifting suddenly from one place to another, and the 
weakness rather increased. 27 th, Two of them, who had suffered least, 
remained much the same. The others were sensibly better. 28th, Most of 
them had wandering pains in their arms and legs, but were, in other respects,' 
visibly better. One who, for the first 2 or 3 days, had scarcely complained, 
said, that this day he had a head-ach and pains in his legs and arms. 29th, 
None of them yet perfectly recovered ; all complaining of lesser pains in their 
legs, arms, or back. 30th, All continued much the same. 31st, All better, 
but not altogether free from pains and weakness. August 1, Some were 
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recovered, and the rest better. 2d, All of them were pretty well; and they 
continued so. 

Several dogs, who had eaten of these fish, and especially of the guts and bones, 
seemed affected in a higher degree than the men. Their illness might perhaps 
have begun in the night, but was not perceived till next morning. One, in 
particular, had violent retchings, a paralysis, especially of the hind legs> lay 
down, rolled, howled, qnd showed other signs of great pain. More saliva or 
froth hung about his mouth ; and, when fatigued with struggling, would fall 
down, and seemingly breathe with great labour. Two of them continued in 
the same way all day ; though others that had eaten as much appeared but 
slightly affected, their principal symptom being only weakness in the hind legs. 
It was observed, that most of them were troubled with a swelling of the penis. 
One lay the first day, all the afternoon, without being able to move, but groaned, 
perpetually, and lay in appearance in great anguish. Next day, they seemed 
all somewhat better, except one, to whom tobacco-juice had been given the 
day hefore, to make him vomit : he died in the afternoon. On the 3d day, 
though the dogs were more free from pain, yet they continued almost motion- 
. less, nor did they begin to eat. On the 4th day, they wdre all much better, 
the worst of them running about, and eating his victuals. On the 5th, all of 
them seemed recovered, one excepted, who had not been so soon or so violently 
attacked as the others. This remark, was made of the men likewise ; to wit, 
that those who were more slightly and later attacked continued ill as long as 
the others. Some days after, the same dog became so paralytic in his hind 
legs, that he could not stand ; but afterwards he recovered the use of them 
pretty well. 

A hog, which had eaten of the offals, died next morning ; as did a perroquet 
on the 2d day, which had got from his master some of the boiled fish. It will 
be proper to add, that another hog died, which had fed on the entrails of that 
fish of which Captain Cook had eaten a bit of the liver ; and that a dog, 
which about 3 weeks after had eaten of a fish of the 6ame species, died, after a 
lingering illness, of the same nature with that which had affected others of his 
kind: 

<XXXP III. Experiments on Ignited Substances. By Mr. John Whitehurst. 

p. 57 a. 

The experiments of Buffon on ignited bodies seem to prove, that when 
heated to the degree he mentions, they are more ponderous than when cold. 
The experiments which I have made on heated metals, suggest a different idea, 
and contradict the fact he relates ; so that I am induced to believe, that some 
, circumstance, not attended to, has introduced a mistake in the account this learned 
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philosopher has published as the result of his inquiry. His experiment stands 
thus recorded (Suppl. Nat. Hist. vol. 2, p. 11) : a mass of iron, after receiving 
a white heat, weighed 4Q lbs. goz. ; when restored again to the temperature of 
the atmosphere 49 lbs. 7 oz. Hence he concluded, that the igneous particles, 
contained in the heated iron, increased its absolute weight 2 ounces. 

My experiments are as follow: 1st, ldwt. of gold, made red hot, became 
apparently lighter ; ' but, when restored again to the temperature of the atmos- 
phere, its former weight was perfectly restored. 2d, 1 dwt. of iron, heated as 
. above, was also apparently lighter ; but,- when it became cool again, its weight 
was visibly augmented. I repeated these experiments several times, and the 
. results were always the same. The beam used in these experiments was sensibly 
■ affected by the -nnnr part of a grain ; and each of the metals was heated on char- 
coal, by means of a candle and a blow-pipe, and both were brought nearly to a 
state of fusion. 

It seems needless to observe, that the apparent levity of the gold and of the 
iron, when hot, was owing to the ascent of the rarefied air above the scale, and 
to the tendency of that underneath to restore the equilibrium of its pressure. 
The increase of weight in the iron might probably arise from its having, in 
some degree, acquired the property of steel, by means of the flame and charcoal. 
I am at v a loss to account for the fallacy which seems to have attended 
M. Buffbn’s experiment ; but it seems probable, that the heat of the mass of 
■iron employed by him, had a greater effect on thatarm of the beam from which 
•it hung than on' the other; which, being less heated, would consequently be 
less expanded ; and this difference of expansion might produce the error in his 
aooount of the weight of heated iron. 

XXXIX. An Account of a Suppression of Urine cured by a Puncture made in 

the Bladder through the Anus. By Dr. Robert Hamilton , M. D., of King's- 

Lynn , Norfolk, p. 578. 

The subject of this history had laboured under a suppression of urine for 3 
.days. The treatment usual in such cases had been adopted without success, and 
■attempts had been made to introduce catheters of various sizes, but all in vain. 
The bladder was distended to an enormous size; the pulse was small and 
quick ; hiccup had come on, and he had vomited every thing he had swallowed 
from the 1st day of his illness. In this extremity. Dr. H. resolved on puncturing 
the bladder, as the only chance of saving the patient. While Dr. H. was con- 
sidering which would be the best mode of performing the operation, the mother 
x>i the patient told him that she had several times that day attempted to give him 
.a clyster, but had not been able.to introduce the pipe, by reason of a large sub- 
stance .low in the gut near the fundament, which stopped up . the passage. It 
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immediately occurred to Dr. H. that the obstructing body could be no other 
than the distended bladder, "which, having filled the pelvis, pressed downwards 
where there was the least resistance towards the anus, as well as upwards into the 
abdomen. From this circumstanoe he was led to think of discharging the 
urine by a puncture into the bladder, with a trocar introduced by the anus. He 
conceived that this method would have advantages superior to any other he had 
heard of, for simplicity, ease, and safety. The finger could guide the point of 
the instrument to the very spot of the bladder to be pierced. The coats of tfie 
intestinum rectum and bladder, and the intervening cellular membrane, were all 
that were to be perforated, and they were now pressed so closely together, that 
‘ there could be no more art required than in piercing any simple bag of water. 
When the surgeons (who had gone to fetch their instruments) returned. Dr. H. 
told them what had occurred to him concerning the descent of the distended 
bladder (for he had not yet examined it) and its pressing the rectum downwards-; 
he represented to them the hazard and difficulty attending the operation hitherto 
in use, and proposed this method of perforating the bladder with a trocar intro- 
duced by the anus. They readily acknowledged the advantage of such a prac- 
tice, and agreed to give it the preference. They examined with a finger in and, 
and felt a large round tumor, a very little way within the orifice, pressing the 
anterior side of the rectum downwards, and pushing the anus and perinseura 
considerably outwards. The gut itself was loose and empty ; and through its 
relaxed sides the tumor, which was evidently the bladder, was distinctly felt 
stretching every way, completely filling the pelvis, and feeling like the mem- 
brajies which contain the waters of a woman in labour, thrust into the dilated 
vagina. Dr. H. described the manner in which he thought the puncture should 
be made ; and, as he imagined that he could better execute what he had himself 
conceived than another person, he offered to do it ; which being readily assented 
to, the operation was performed in the following manner. Having placed Jthe 
patient on his back on a bed, with his breech projecting a little over the side of 
it towards the light, and his legs bent into the position they are plaoed in for the 
operation of lithotomy, and held by two assistants, a trocar of the middle size, 
with its point guarded by the extremity of the fore-finger well oiled, was intro- 
duced into the anus, till the tip of the finger reached the anterior part of the 
tumor ; when the finger being a little withdrawn, and the point of the instru*- 
ment brought into contact with the tumor, it was plunged into it, in a direction 
parallel to the axis of the bladder, in an erect posture ; and the perforator being 
pulled out, the water immediately followed. A straight catheter was quickly 
introduced through the canula into the bladder, lest, as it collapsed and shrunk - 
upwards as the water was discharged, the canula should prove too short, for its 
shell was then close to the anus. The canula was then slipped out of the aper- 
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ture as far as the rings of the catheter, as being no longer of use, and the 
catheter remained in the bladder till the urine was all drawn off ; during which 
time, that instrument was moved different ways, to search for the stone which - 
was supposed originally to have • occasioned the disorder ; but none was to be 
found. The water being discharged, the catheter was taken out, and the pa- 
tient put to bed. The parts were repeatedly, fomented ; and a draught, with 
half a drachm of nitre and 25 drops of laudanum were given, and 2 more of 
the same kind were ordered for the night. 

26th. He had had a very good night, and had made water 5 or 6 times through 
the aperture made by the trocar. He said, that as soon as the bladder had col- 
lected a certain quantity of urine, he had felt an inclination to make water ; that ' 
then sitting on a chamber-pot Qr bed-pan, and straining in the usual way, the 
urine had rushed out at the aperture per dnum in a stream ; and that none had 
passed by the urethra. Not contented with his account of the matter; Dr. H. 
desired him to make water in his presence, and was witness to this curious and 
extraordinary power of retention of the urine in a wounded bladder, and of dis- 
charging it at pleasure through an artificial passage. The emphysematous swel- 
ling of his head and face was almost gone. He was directed to drink the pec- 
toral decoction with the addition of some marsh-mallow root, sweetened with 
manna, and acidulated with orange or lemon-juice ; and the nitrous opiate waa 
repeated. 

27th. He complained of a fulness of his belly, probably owing to his not 
having had a stool. He still made water through the trocar aperture as before, 
and whenever he pleased ; but now he began to perceive a little urine come by 
the urethra at the same time. They did not choose to order a clyster, lest the 
gut should be injured by the pipe, but to wait the effect of the manna, which, 
with the night-draught, was still continued. The resolution of the inflamma- 
tion being now begun, as was conjectured by the urine finding its natural passage 
by the urethra, a bougie was introduced beyond the stricture at the neck of the 
bladder, and to very good purpose. 28th. He was much better, he had had 
some stools, and had passed most of his urine by the urethra. 30th. No 
water had issued through the aperture either this morning or the preceding day ; 
the whole, though in a small stream, had flowed by the urethra. He com- 
plained of a soreness in ano. 3 1st. This day he felt that soreness only when he 
went to stool. The stream of urine by the urethra was still small. April 6th. 

The puncture through the rectum and bladder appeared to be quite healedi 
The urine was discharged in a tolerable stream, the passage being, as he ob- 
served, much wider than it had been for 1 3 years before. 

He continued the daily use of the bougies : and, being sensible of the great 
benefit he had received from them, willingly persevered in their use, till the 
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stricture was so much lessened, as to permit a free discharge of his water, and 
by these means he obtained a complete cure : for, in 2 months after, he left the 
town in every respect well. It was remarkable, that during the progress of the 
cure no urine was perceived to ooze involuntarily through the opening ; but it 
was always retained till the patient, prompted by a fulness of the bladder, made 
his water, as has been related. 

Dr. H. subjoins that he had neither heard nor read of x any method of per- 
forating the bladder similar to that here related, before Sir J. Pringle informed 
him that it was not a new operation ; and that he would find an account of it in 
Pouteau’s Melanges de Chirurgie. Dr. H. had since procured the book, and 
read the paper with great satisfaction, and was much obliged to Sir J. P. for his 
intelligence. He did not presume to claim any merit from a thing which took its 
rise from mere accident. The obstruction which the pipe met with when the 
patient’s mother attempted to give him the clyster, suggested the method of 
piercing the bladder by the anus ; and he was persuaded, that the same thought 
would have arisen, on a like occasion, in the mind of any thinking man. And 
he begged Sir J. P. would believe, that he had no small satisfaction in finding it 
occurred to M. Flurant, the ingenious author of the paper on that subject, in 
that publication, from a circumstance which, though not exactly similar, 
amounted nearly to the same thing. This surgeon having introduced his finger 
into the anus, to examine the state of the bladder, in order to perform the 
puncture in perinaeo, found it so rorind and tumid, and so much within the 
reach of his instrument, that he thought he could perforate it with safety in that 
place ; and, from a little reflection on the structure of the parts, was convinced 
of the expediency of operating in this manner, in preference to any other. 

Dr. H. adds that he had found a composition of calomel and opium, in large 
doses, the best internal remedy for suppressions of urine, in general ; and that 
he had repeatedly seen this medicine succeed after the usual means have failed. 

He was convinced, from these trials, that the principal or specific efficacy is 
m the calomel, as large doses of opium alone, or joined with camphire, have 
proved unsuccessful. He was so well satisfied of the advantages of this practice, 
th*t, if called early in the disorder, he directs, lOgre. of calomel, with 2 grs. 
of solid opium, made into a bolus with any conserve, to be taken immediately, 
and repeated in 6 hours. He had seldom occasion to order a 3d dose, the pa- 
tient being generally relieved by the 2d, if the first has failed. He did not ad- 
minister it in the case here related, because the alarming situation the patient 
was in when he came to him required the bladder to be emptied without delay. 

XL. Observations made during the late Frost at Northampton. By A. Fother- 

gill, M.D. p. 587. 

This account relates to the severe frost on the last 4 days of Jan. ] 776. The 
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lowest state of the thermometer was at 9°, that 13, 23° below the freezing point, 
being 3+° below that of the remarkable frost in the year 1739* Having placed 
on the garden wall, half an ounce of each of the following liquors in a cup, viz. 
lemon-juice, vinegar, and red-port wine, in that state of the thermometer he 
found them all perfectly congealed. 

Being desirous to see the effect of a high degree of artificial, added to the 
natural cold that now prevailed, the thermometer was immersed into a frigorific 
mixture ; but though it sunk the quicksilver in a few seconds, into the bulb of 
the thermometer, yet the result was by no means adequate to that of the experi- 
ment of Professor Braun at Petersburg : for though the quicksilver in the ther- 
mometer, and that in the phial, contracted a film on the top, yet it remained 
quite fluid below. 

Jan. 31st to Feb. 1st, the barometer, at 29 ; the thermometer only at id 0 , 
that is, l6° below the point of congelation ; the atmosphere serene and pleasant- 
Feb. 2d, wind s. ; barometer 294- ; a warm, misty morning, succeeded by a 
pleasant, spring-like day, ushered in a very mild and agreeable thaw, the ther- 
mometer from 9 0 being got up to 40° ; so great was the change of temperature 
in so short a space of time ! And it seems worthy of observation, that the epi- 
demic cold, which had prevailed universally during the preceding mild season, 
suddenly disappeared in the late intense frost ; but now began to re-appear, to- 
gether with rheumatic affections and other diseases of the former period 

XLJ. Account of the Magnetical Machine contrived hy the late Dr. Gowin 

Knight , F. R. S ,, and presented to the R. S. By John Fothergill , M. D., 
F.R.S. p.591. 

Dr. F. being left executor to Dr. Knight, a very extraordinary magnetic ma- 
chine of his contrivance, and which had cost him much labour and expence, 
came into Dr. F.’s possession. This machine, which may be observed to consist 
of 2 parts, is by no means so strongly magnetical as it was at the doctor’s decease. 
Not long after this event, it was necessary to remove this apparatus from his. 
apartments in the British Museum. One of these parts was fixed up in the 
Museum, the other was left at the lodgings of J. H. De Magellan, for the pur- 
pose of some experiments, and also for impregnating strongly the needles of sea- 
compasses. Here it was accidentally destroyed by fire, and the parts it consisted . 
of rendered almost wholly useless. A new one was however made, and impreg- 
nated with the magnetical power, by the ingenious gentleman abovementioned, 
according to the method of Dr. Knight. It has acquired a considerable degree 
of magnetic force, by being placed in the polar line with the other part of this 
machine that was unhurt, and where in time it will, perhaps, acquire a consider- 
able degree of magnetic energy. 
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The first thing, it seems, that engaged the doctor’s attention more particularly 
. to magnetism, was the accident that befel a ship’s compass from lightning ; and 
of which the doctor gave a very circumstantial account to the society. This af- 
fair led him to consider the structure of the compass more minutely. He pro- 
cured compass-cards ready armed, as it is called, from different makers both at 
home and abroad. He found most of the needles strangely erring from due 
polarity ; some being many points to the west, others as many to the east of the 
nght position. Among them all there was only one, which to him seemed con- 
structed on a rational plan, and was of French make, procured from Marseilles; 
but even this was not without very evident faults. 

To fix on the proper form of a needle through which the magnetic effluvia 
could pass with the least interruption ; to give the needle such a degree of hard- 
ness as to retain the magnetic influx the longest, and with the greatest force, 
were material objects ; and, it seems, with a view to have such a degree of 
magnetic power at his command, as to force the magnetic virtue through the 
most consolidated bars, was his first inducement to try whether he could not 
collect such a magazine of magnetism, as would be sufficient for every purpose 
of this kind, and at the same time exhibit some new phenomena in physics yet 
undiscovered. With this view he planned and executed his machine. 

His first attempt however was much smaller; a few bars were laid in the due 
course of the magnetic flux, and impregnated by constant attrition. To these 
other bars were successively added, after they had been impregnated, both by the 
force he could give them by attrition, and what he could derive from the pre- 
ceding stock collected in the bars. ' To these he added still fresh bars, till he had 
formed the whole mass, resting on wheels and pivots, in such manner, as to be 
easily manageable for the purpose of impregnating the needles he was employed 
to see prepared, for the service of government, and others, who had generosity 
enough to think, that the compass, on which depended the lives of the ship’s 
crew, could not be made too perfect, and that it deserved a reasonable compen- 
sation. It is to the Doctor’s ingenuity and indefatigable attention to this useful 
instrument, that it has acquired among us a degree of perfection unknown to 
our predecessors. 

When the machine was completed, he still was adding continually to its power. 
He impregnated every single bar of which it is composed, by repealed attritions, 
and applied it to the remaining bars in their magnetic position. After this ope- 
ration, he always found its efficacy for a season considerably diminished; for the 
effluvia of each bar, though increased in virtue, seemed not immediately to have 
act] ui red a communication with each other. However, it grew always more 
powerful after each of these operations ; and it is more than probable, if a person 
could be found, who, with equal patience and skill, would at proper distances 
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repeat the same process, that the present machine would acquire a degree of 
force superior to what the original ever no c sessed ; for much depends on time and 
a due position. If to these was added a fresh impregnation of each single bar, 
by the means hitherto made use of, we would probably possess a larger fund of 
magnetic power, than exists in any artificial magnet now. irt being. But if this 
cannot be obtained, if an able person cannot be prevailed on to renew its vigour 
in this manner, it might possibly afford the curious some satisfaction, to know 
whether, in its present state, it loses any force, or acquires fresh virtuO; to know, 
with some degree of precision, how much weight it wiU now suspend; and to 
observe annually its variation. A trial of this nature demand^ no small atten- 
tion. Even the motion of a carriage in the street, though at suah a distance as 
the society’s apartments, will make a considerable variation. 

It is not known, that the Doctor left behind him any description of a com- 
' position he had made to form artificial load-stones. Many of his friends have 
seen such a composition; which retained the magnetic virtue in a manner much 
more fixed, than either any real load-stone or any magnetic bar, however well 
tempered. In the natural ones he could change the poles in an instant, so like- 
wise in the hardest bars; but in the composition the poles were immoveable. He 
had several small pieces of this composition, which had strong magnetic powers. 
The largest was about half an inch in breadth, very little longer than broad, and 
near a quarter of an inch thick. It was not armed, but the ends were power- 
fully magnetic ; nor could the poles be altered, though it was placed between two 
of his largest bars, and they were very strongly impregnated. The mass was 
not very heavy, and had much the appearance of a piece of black lead, though 
not quite so shining. It is believed he never divulged the composition; but Dr. F. 
thinks he once told him, the basis of it was filings of iron, reduced by long-con- 
tinued attrition with water to a perfectly impalpable state, and then incorporated 
with some pliant matter, to give it due consistence. Perhaps some of his ac- 
quaintance may have been more fully informed of this circumstance; and it may ' 
be rendering great aid to future inquirers, to know every thing that can be col- 
lected relative to so curious a subject. 

Each magazine, in the two parts of this machine, consists of 240 bars, dis- 
posed in 4 lengths; every length containing 60 bars, placed in 6 courses or layers, 
‘in contact with one on another; and 10 in each course, placed side by side, in 
contact also. The bars being very nearly of a size, the ends of those in one 
length are in contact with the corresponding ends of those in the adjacent 
lengths. The magnetical north ends of these bars, in each magazine, are all 
directed one way towards n ; and the south ends the contrary way towards s ; 
thick plates of iron cover these ends n and s ; the junction of the ends of the 
bars fall under brass braces. 
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As it has been found difficult, after the final hardening of these bars, to pre- 
serve among them a perfect equality in size; therefore, the contact of their sides 
are perfected by thin iron plates, slipped in between the braces and the junction 
of the ends of the bars:' and these plates, being pressed by the screws passing 
through the sides of the braces, keep the ends of the bars in as close contact 
as their figures will' permit; and, that the bars may be kept end to end in con- 
tact, the iron plate at the north end and at the south end is perforated with 60 
>fioles, one against the end of each bar, with a screw fitted to each hole: every 
screw having a square head may, by help of the key, be turned, and, by press- 
ing against the end of the bar in the 4th length, force it against its abutting 
bar in the 3d length, and so on till the bars, end to end, are brought into con- 
tact and kept so. The braces are in 2 pieces; the sides and bottom in 1 ; and 
the other piece forms the top, which is held close to the bars by the screws pass- 
ing through it into the upright sides of the braces. * 

As each of these magazines weighed about 500 lb. it became necessary to have 
them so placed as to bejconveniently used. The Doctor, therefore, by screws 
fixed the braces, containing the bars, to a strong mahogany plank, about if 
inches thick; the screws passing through the plank entered the bottom parts of 
the braces. Against the middle of the whole length, 2 strong brass plates are 
well fixed to the sides of the plank; to these brass plates are fixed 2 cylindrical 
gudgeons, which projecting from the sides, like the trunnions of a cannon, lie 
in the sockets of the standard, by which the magazine easily turns, as on an axis, 
and is so well poised as to stand in any inclination of the line ns; and in this 
the equilibrium is assisted by the strong mahogany semi-circular pieces, fixed in 
a vertical position to the middle of the under part of the plank, on which the 
magnetic apparatus rest3. The standards are fixed to the square frame, and the 
whole supported on 4 trucks, by which the 2 magazines are easily brought end 
to end, or set at a convenient distance, so as to admit a bar to be placed between 
the ends, to be made magnetical. 

XLIII. A Demonstration of two Theorems mentioned in Art. XXV of the 
Philos. Trans., for the Year 1775. By Charles Hutton, Esq., F.R.S. p. 600. 
This is a geometrical demonstration of the 2 polygonal theorems, communi- 
cated by Mr. Lexel of Petersburg, and printed in p. 647 of this volume of 
Abridgments; but unnecessary to be here repeated. 

XL1V. Experiments to Ascertain the Nature of some Mineral Substances ; and, 
in particular, to see how far the Acids of Sea Salt and of Vitriol contribute 
lo mineralize Metallic and other Substances. By P. Woulfe, F. B. S. p. 605. 

The component parts of the several mineral substances on which Mr. W.’s 
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(experiments were made, tune been so accurately determined by subsequent che- 
mists, as to render it unnecessary to reprint this paper. 

EUD OP THE SIXTY-SIXTH VOLUME OP THE OKIGINAL. 


/. Account of a Woman in the Shire of Ross living without Food or Drink. By 

Dr. Mackenzie, Physician at New Tarbat , dated April 3, 1775. Vol. LXF11. 

Anno 1/77. p. 1.. 

Janet M‘Leod, unmarried, aged 32 years and some months, daughter of 
Donald M‘Leod, of Kincardine, Ross- shire; in the 13th year of her age had, a 
pretty stop epileptic fit; she bad till then been in perfect health, aBd continued 
so till about 4 years after, when she had a 2d fit, which lasted a day and night; 
and a few days afterwards, she was seized with a fever of several weeks continu- 
ance, from which she bad 1 a very tedious recovery of several months. During 
tfcta period she lost the natural' pdwet of her eye-lids, was under the necessity 
c£ keeping them open with the' fingere of one hand, when she had any thing to 
dtr with the other, or went dut, or wanted to look about her; in every other res- 
pect she was in health and tolerable spirits, only that she never had the least ap- 
pearance of the menses, but periodically spit Up blood in pretty Urge quantities^ 
and at the same time it flowed from the nose. This vicarious discharge happened 
regularly every month- for several years. About 5 years before, a little previous 
to which time the abowementioned periodical discharge had disappeared, she had 
Sj short 3d epileptic; fit, which was immediately succeeded by a fever of about a 
weeks continuance, and of which she recovered SO' slowly, that she did not go 
eat of doors till 6 weeks after the crisis; when, without the knowledge of the 
family, she stole out of the house, and bound the com of a ridge before they 
observed her. On that same evening she took to her bed, complaining much of 
her heart and head; and afterwards she never rose out of it except when lifted, 
addom spoke a word 1 , and had so little craving for food, that at first her parents 
oouldr only by compulsion get her to take as much as would support a su cking 
infant: afterward* she gradually fell off from taking even that small quantity; 
an thaty at Whitsuntide 17G3, she totally refused food and drink,, and her jaw 
became so* fast locked, - that it was with the greatest difficulty her father was able 
widi'a knife or other methods to open her teeth so as to admit a little thin gruel 
«r whey, and of which so much generally ran out at the comers of her mouth, 
that) they could not be sensible that any of it had been swallowed. 

About this time, they gotta bottle of the water* from a medicinal spring in 
BresHnar, of which they endeavoured to get her to swallow a part, by pouring 
some out of aspoo»-betwee» her* lips, her jaw* all the while fiat locked, but it 
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all ran out. With this however they rubbed her throat and jaws, and continued 
the trial to make her swallow, rubbing her throat with the water that ran out of 
her mouth for 3 mornings together. On the 3d morning, during this operation, 
she cried, “ give me more water;” when all that remained of the bottle was given 
her, which she swallowed with ease. These were the only words she spoke for 
almost a year, and she continued to mutter some more for 12 or 14 days, after 
which she did not speak, and rejected, as formerly, all sorts of nourishment and 
drink, till July 1765, when a sister of hers thought, by some signs she made, 
that she wanted her jaws opened; which her father effected by putting the handle 
of a horn-spoon between her teeth. She said then intelligibly, “ give me a 
drink;” and drank at one draught about a pint of water. Her father then asked 
her, “ why she would not make some signs, though she could not speak, when 
she wanted a drink ?” She answered, “ why should she when she had no desire?” 
At this period they kept the jaws asunder with a bit of wood, imagining she got 
her speech by her jaws being opened, and continued them thus wedged about 20 
days, though in the first 4 or 5 days she had wholly lost the power of utterance. 
At last they removed the wedge, as it made her lips sore. At this time she was 
sensible of every thing done or said about her; and when her eye-lids were 
opened for her, she knew every body; and when the neighbours in their visits 
lamented her condition, they could observe a tear stand in her eye. 

In some of the attempts to open her jaws, 2 of the under fore-teeth were 
forced out ; by which opening they often put some thin nourishing drink into 
her mouth, but without effect, for it always returned by the comers; and about 
a twelvemonth before (1766) they thought of thrusting a little dough of oatmeal 
through this gap of the teeth, which she would retain a few seconds, and then 
return with something like a straining to vomit, without one particle going down ; 
nor had the family been sensible of any appearance like that of swallowing, for 
the last 4 years, excepting the small draught of Brea-mar water and the English 
, pint of common water; and for the last 3 years she had not had any evacuation 
by stool or urine, except that, once or twice a week, she had passed a few drops 
of urine, but little as it was it gave her some uneasiness till she voided it: for 
they knew all her motions, and when they saw her thus uneasy, they carried her 
to the door of the house, where she made these few drops. Nor had they, in 
all these 3 years, ever discovered the smallest wetting in her bed; in proof of 
which, notwithstanding her being so long bed-ridden, there had never been the 
least excoriation, though she never attempted to turn herself, or made any mo- 
tion with hand, head, or foot, but lay like a log of wood. Her pulse, which 
with some difficulty Dr. M. felt, was distinct and regular, slow, and to the ex- 
tremest degree small. Her countenance was clear and pretty fresh,* her features 
not disfigured nor sunk; her skin felt natural both as to touch and warmth; and 
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her- breasts were round and prominent, like those of a healthy young woman ; 
her legs, arms, and thighs, not at all emaciated; the abdomen somewhat turnip, 
and the muscles tense; her knees bent, and her ham -strings tight as a bow- 
string; her heels almost close to the nates. When they struggled with her, to 
put a little water within her lips, they observed sometimes a dewy softness on 
her skin; she slept much, and very quietly; but when awake kept a constant 
whimpering like a new-born weakly infant, and sometimes made an effort to 
cough. At the date of this account (June 1767) no degree of strength could 
force open her jaws. Dr. M. put the point of his little finger into the gap in her 
teeth, and found the tongue, as far as he could reach, soft and moist; as he did 
with his other fingers the mouth and cheeks quite to the back’ teeth. She never 
could remain a moment on her back - , but always fell to one side or the other; 
and when her mother sat behind her in the bed, and supported her while he was 
examining her body, her head hung down, with her chin close to her breast, nor 
could he with any force move it backwards, the anterior muscles of 'the neck be- 
ing rigid, like a person in the emprostfiotonos, £nd in this posture she con- 
stantly lay. 

The above case was taken in writing, at the diseased woman^s bed side, from 
the mouths of her father and mother, who were known to be people of veracity, 
and under no temptation to deceive : their daughter’s situation was a great nior- 
tification to them, and universally known and regretted by all their neighbours. 
Dr. M. had along with him for interpreters, as the family spoke only Erse, 
Mr. Hemy Robertson, son to the minister of the parish, and David Ross, their 
neighbour, and one of the elders of the parish, who verified from his own know- 
ledge all that is above related. The situation and appearances of the patient 
were carefully examined the 21st of October, 1767, by Dr. M. who likewise in 
October, 1772. being informed that the patient was recovering, visited her, and 
found her condition to be as follows ; about a year preceding this last date, her 
parents one day returning from their country labours (having left their daughter 
as for some years before fixed to her bed) were greatly surprized to find her 
sitting on her hams, on the side of the house opposite to her bed place, spinning 
with her mother’s distaff. Dr. M. asked, whether she ever ate or drank ? whe- 
ther she had any of the natural evacuations ? whether she ever spoke or attempted 
to speak ? And was answered, that she sometimes crumbled a bit of oat or barley 
cake in the palm of her hand, as if to feed a chicken ; that she put little crumbs 
of this into the gap of her teeth, rolled them about for some time in her mouth, 
and then sucked out of the palm of her hand a little water, whey, or milk ; and 
this, once or twice a day,' and even that by compulsion : that the egesta were in 
proportion to the ingesta ; that she never attempted to speak ; that her jaws 
were still fast locked, her hamstrings tight as before, and her eyes shut. On 
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opening her eyelids Dr. M. found the eye*balls turned up under the edge of the 
os fronds, her countenance ghastly, her complexion pale, her skin shrivelled 
and dry, and her whole person rather emaciated ; her pulse with the utmost 
. difficulty to be felt. She seemed sensible and tractable in every thing, except in 
taking food ; for, at his request, she went through her different exercises, 
spinning on the distaff, and crawling about on her hams i by the wall of the 
house, with the help of her hands ; but when desired to eat, she showed the 
greatest reluctance, and indeed cried before she yielded ; and this was no more 
than, as he had said, to take a few crumbs as to feed a bird, and to suck half 
a spoonful of milk from the palm of her hand. On the whole, her existence 
was| little lees wonderful at this time than when he first saw her, when she had 
not swallowed the smallest particle of food for years together. He attributed 
her thinness and wan complexion, the great change of her looks from what be 
had first seen when fixed to her bed, to her exhausting too much of the saliva 
by spinning flax on the distaff, and therefore recommended her being totally 
confined to spinning wool : this she did with equal dexterity. The above was 
her situation in October 1 772 ; and in March 177-5, Dr. M. was told by a neigh- 
bour ef her father’s, that she had still continued in the same way, without any 
addition to her support, and without any additional ailment. 

At Croick, the 15 th day of June, 1775. — “ To authenticate the history set forth in the prec edi ng 
pages, ponald M'Leod, of Granics, 'Esq., sheriff depute of RoMhiie, George Monro, Eaq., of 
Cuteain, Simon Ross, Esq., of Gladfield, Captain George Sutherland, of Elphin, all justices of 
the peace ; Messrs. William Smith, preacher of the gospel, John Barclay, writer, in Tain, Hugh 
Ross, student of divinity, and Alexander M'Leod, came to this plaoe, accompanied by the above 
Dr. Alexander Mackenzie, physician at New Tarbat, and after explaining the purport and meaning 
of the above history to Dopald M'Leod, father to Janet M'Leod abovementioned, and to David 
Ross, elder in the parish of Kincardin, who was ooe of the doctor’s original int er p re ter ! } they, to 
our full satisfaction, after a minute examination, authenticated all the Lets set forth in the above 
account : and, for our further satisfaction, wo bed Janet M'Leod brought out before us to the open 
air, when the doctor discovered a very great improvement in her looks and health since the period 
Of his having seen her last, as now she walked tolerably upright, with a little hold by the waH. 
And notwithstanding her age, which on inquiry we found to be exactly as set forth in die above 
account, her countenance and looks would have denoted her not to be above 90 yean of age at 
most. At present, the quantity of food she uses is. not above what would be necessary for the 
sustenance of an iufont of 9 yean of age. And we do, report, from our knowledge of the above 
men, and the circumstances of the case, that foil faith and credit is to be given to every article of 
the above history. 

WSUiam Smith. Atewmder M'Leod. Swum Ram, J. P. 

John Barclay, X. P. p. M'Leod, Sh. Pep. Gto. Sut her load, J. PP 

Hugh Rom, Geo. Mwro, J. P, 

11. On the Usefulness of Washing and Rubbing the Stems of Trees, to promote 
their Annual Increase. In an Extract of a Letter from Mr. Marsham to tho 
Lord Bishop of Bath and Wells, p. 12. 

I 
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I had for several years intended to put in practice Dr. Hales’s advice of wash- 
ing, with that of Mr. Evelyn of rubbing the stem of a tree, in order to increase 
its growth; but other avocations prevented me till the last spring: when, as 
soon as the buds began to swell, I washed my tree round from the ground to 
the beginning of the head, viz. between 13 and 14 feet in height. This was 
done first with water and a stiff shoe-brush, till the tree was quite cleared of the 
moss and dirt ; then I only washed it with a coarse flannel. I repeated the 
washing 3, 4, or 5 times a week, during all the dry time of the spring and the 
fore-part of the summer; but after the rains were frequent, I very seldom 
washed. The unwashed tree, whose growth I proposed to compare with it, was, 
at 3 feet from the ground, before the last year’s increase, 3 ft. 7 in. -fa ; and in 
the autumn, after the year's growth was completed, 3 ft. 9 in. fa- ; viz. increase 
1 in. -fa. The washed tree was last spring 3 ft. 7 in. -jV> and in the autumn it 
was 3 ft. 9 in. -rV ; viz. increase 2 in. -fa, that is, -iV of an inch above double 
the increase of the unwashed tree. As the difference was so great, and as some 
unknown aoddent might have injured the growth of the unwashed tree, I added 
the year’s increase of 9 other beeches of the same age, being all that I had 
measured, and found the aggregate increase of the 6 unwashed beeches to be 
9 in. -fa, which, divided by 6, gives 1 in. \* # and a half, for the growth 
of each tree ; so the gain by washing is -fa and a half* To make the experi- 
ment fairly, I fixed on 2 of my largest beeches, sown in 1741, and transplanted 
into a grove in 1749. The washed tree had been, from the first year, the 
hugest plant till the year 1767, wheu its rival became and continued the 
largest plant, till 1 began to wash the other : I therefore fixed on the less 
thriving tree as the fairest trial. The trees were nearly of the same height and 
shape, spreading a circle of about 50 feet diameter. I think it necessary to 
mention these circumstances ; for I know by experience, that a short and 
spreading tree, having ample room, will increase 2 Or 3 times, and perhaps 4 
times aa much, aa a tall small-headed tree of the same age, that stands near 
other trees. That my washed beech increased above 6 times as much as 
Mr. Drake’s beautiful beech at Sbardeloes, thoogh that tree seemed in good 
health when I saw it in 1759 and 1766. But it increased only 2 in. -fa in those 7 
yean; which may perhaps be owing to its vast height, being 74± feet to the boughs, 
only 6 feet 4 indies round, and having a small head, and little room to spread. 

III. Discovert** on the Sex of Bees , explaining the Manner in which their 
Species is propagated . ; with an Account of the Utility tkat may be derived 
from those Discoveries by the actual Application of them to Practice. By 
Mr. John Debrauiy Apothecary to Addenbrooh's Hospital, Cambridge, p. 15. 

Me. Debraw, from various experiments detailed in this paper, is of opinio^ 
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that no real junction of sexes takes place in bees, but that the eggs which are 
laid by the queen bee are impregnated by a deposition from the males or drones, 
in the same manner as the ova of fishes are supposed to be impregnated. The 
drones which Mr. D. observed thus impregnating the eggs laid in the respective 
cells by the queen, were of the small kind, or such as do not exceed in size the 
working or common bees, and which are often mistaken for them by persons who 
are not aware that there are drones of different sizes in a hive. Mr. D. is 
convinced that the working or common bees have the rudiments of the female 
sex in them, and that they possess the power of forming a queen from any one 
of the maggots or larvae by feeding it with a more plentiful nourishment, so as 
to develcpe the necessary organs. This Mr. D. has ascertained by placing a 
piece of brood-comb, in which were contained eggs, worms, and chrysalises, 
with food, viz. honey, into separate glass hives, and confining in each a suf- 
ficient number of common bees, with some drones, but taking good care that 
there should be no queen. The bees, finding themselves without a queen, made 
a strange buzzing noise for about 1 days, at the end of which time they 
settled, and betook themselves to work. On the fourth day he perceived in 
each of those hives the beginnings of a royal cell ; a certain indication that one 
of the inclosed worms would soon be converted into a queen. The construction 
of the royal cell being nearly accomplished, he ventured to leave an opening for 
the bees to get out, and found that they returned as . regularly as they do in 
common hives, showing no inclination to . desert their habitation ; and at the 
end of twenty days he found four young queens among the new progeny. 
These experiments were repeated several times, in order to remove an objection 
made to the theory of the bees having the power of raising a common bee- 
worm into a queen, viz. that the queen bee of a hive, besides the eggs which 
she deposits in the royal cells, might also have laid royal or female eggs either in 
the common cells, or indiscriminately throughout the different parts of a hive ; 
and that in the pieces of brood-comb which had been successfully employed in 
the experiments for the production of a queen, it had constantly happened that 
one or more of these royal eggs, or rather worms, proceeding from them, had 
been contained. But the force of this objection was removed by subsequent 
experiments, and those who objected to the theory were at length obliged to 
admit, that every common or working-bee-worm is capable, under certain 
circumstances, of becoming the mother of a generation ; and that it owes its 
metamorphosis into a queen partly to the extraordinary size of the cell, and its 
particular position in it ; but principally to a certain nourishment appropriated to 
the occasion, and carefully administered to it by the working-bees while in its 
worm state ; and that it appears evident, from the experiments of Mr. Debraw, 
as well as from those of Mr. Schirach, that the received opinion of the queen 
5 
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bees laying a particular kind of eggs appropriated to the production of nether 
queens, is erroneous. 

The great advantage accruing from these experiments is that of forcing 
artificial swarms or new colonies at pleasure, and thus increasing the propagation 
of the insect for the advantage of commerce and the arts. 

The practice, according to Mr. Schirach, has already extended itself through 
many parts of Germany, and even of Poland. Mr. Debraw’s experiments were 
begun nearly two years before Mr. Schirach’s work had appeared. 

IV. Account of a Portrait of Copernicus, presented to the Royal Society by 
Dr. Wolf, of Dantzich : extracted from a 'Letter of his to Mr. Magellan, 
F. R. S. Translated from the French, p. 33. 

The captain who will deliver this to you, will also put into your hands a 
copy of an original portrait of the famous Copernicus, which I beg you will 
present to the r. s., as a testimony of my devotion and attachment to that 
respectable body. The original, from which it is copied with the greatest 
accuracy, is in the possesion of the Chamberlain Hussarzewski. We have a 
portrait of Copernicus in the great church at Thom in a kind of mausoleum, 
erected about 30 years after the death of that great man, by a physician of that 
town, who is said to have been one of his relations. 

Hartknoch has inserted a print taken from this portrait in his Chronicles of 
Prussia. Our original has been compared with that of the mausoleum, and the 
features of the face are found to be perfectly similar, but there is a great 
difference in the dress. That at Thom represents him kneeling before an altar, 
in the attitude of a priest officiating ; in ours he is clothed in fur, with his hair 
more carefully dressed, and as it were in a habit of ceremony. The painter of 
it was certainly one of the old Italians, as will appear by comparing it with other 
works of those masters ; for instance, it is known that the painters of those 
times, and even Raphael, never gave to the eyes that brightness which the most 
indifferent artists within this century never fail to express in their portraits : not 
but what the serene and seemingly inanimated countenances of the former 
artists came nearer to nature than the sparkling eyes which are now all the 
fashion. This however is a proof that the portrait is at least 150 years old ; the 
inscription shows that the painter was an Italian: and it must further be 
observed, that it is now ^'centuries since they left ofF painting on wood. 

The history of this portrait is as follows it was formerly in the collection of. 
Saxe Gotha, where it was always considered as an original, which is even said ta 
appear from the archives of that court, and is the more probable, as the prince- 
bishop of Warmia, who obtained it from the late duke of Saxe Gotha, was too 
good a connoisseur and too cautious to be deceived in this respect. That 
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bishop being’ at Gotha in the year 1735, observed thfe portrait in the gallery of that 
palace ; the proofs that were produced of its authenticity made him very desirous 
to acquire it. He at length obtained it hy a kind of theft which it was necessary 
to commit on the cathedral of Warmia, in which there was a very old portrait 
of one of the ancestors of the dukes of Saxe Gotha, who Had been bishop of 
that see, and whose picture was wanting in the duke's collection of the portraits 
of his family. An exchange was accordingly made of the two originals* and 
the bishop has since bequeathed that of Copernicus to hia favourite 
Mr. Hussarzewski. 


V. Description, of a New Species- yf Cuckoo. By Dr. Andrew Sparman, of 
the Royal Academy of- Stockholm, p. 38. 

History of the Htmey-Quido, or Ctundas Indicator .*■ — Thi* curious species of 
cuckoo is found at a considerable distance from the Cape of Good Hope, in the 
interior parts of Africa, being entirely unknown at that settlement^ The first 
place where Dr. S* heard of it was in » wood, called the Gvoot Vaader’s Bosch* 
the Grand Father's Wood, situated in a desert near the river which the 
Hottentots call Tkaut’kaf. The Dutch settlers there have given this bird the 
name of bomg-wyztr, or honey-guide, from its quality of discovering wUd« 
honey to travellers. Its colour has nothing striking or beautiful ; and its siae is 
considerably smaller than that of our cuckoo in Europe : but in return* the 
instinct which prompts it to seek its food in a singular manner, is truly 
admirable. Nob only the Dutch and Hottentots* but likewise a a p e ci e o 
of quadruped, which the Dutch name a rated, are frequently conducted to wild 
bee-hives by this, bird, which aa it were pilots them to the very spot. The 
honey being its favourite food, its awn interest prompts it to be instrumental ua 
robbing the hive, as some scraps are commonly left for its support The morn- 
ing and evening are its times of feeding* and it is then heard calling in a shrill 
tone cherr, cherr, which the honey-bun ters carefully, attend to as the summoaa 
to the cbace. From tune to time they answer with, a soft whistle,, which die 
bird hearing, always continues its note. As soon as they are in sight of each' 
other, the bird gradually Butters towards- the place where the hive is situated* 
continually repeating its former call of cherr*. cherr. And if it should happen, 
to have gained a considerable way before the men* who may easily be hindered 
in the pursuit by bushes, rivers, and the like, it netnrm to them agpin, and. 
redoubles its note* as if to reproach them with their inactivity. At last the hird 
so observed to hover for a. few moments over a. certain spat, and then, silently 

* Cuculus cauda cuneiform i, cerpore f errugi neo-griseo subtua albido, humerii macula flava, 
*ectricibus tribus exterioribus basi macula nigra. — Lath. Ind. Om. 

+ It is d«o a native of the island of Ceylon, 
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retiring to a neighbouring bush or other resting-place, the hunters are sure of 
finding the bees nest in that identical spot, whether it be in a tree, or in the 
crevice of a rock, or, as is most commonly the case, in the earth. While the 
hunters are busy in taking the honey, the bird is seen looking on attentively to 
what is going forward, and waiting for its share of the spoil. The bee-hunters 
never fail to leave a small portion for their conductor, but commonly take care 
not to leave so much as would satisfy its hunger. The bird’s appetite bong 
only whetted by this parsimony, it is obliged to commit a second treason, by 
discovering another bees nest, in hopes of a better salary. It is further observed, 
that the nearer the bird aproaches the hidden hive, the more frequently it repeats 
its call, and seems more impatient. 

While in the interior parts of Africa, a nest was shown to Dr. S., which some 
peasants assured him was the nest of a honey-guide. It was woven of slender 
filaments or fibres of bark, in the form of a bottle. The neck and opening 
hung downwards, and a string jn an arched shape was suspended across the open* 
iq$ fastened by the two ends, perhaps for the bird to perch on.* 

PL An Account qf tome new Electrical Experiments. By Mr. Tileritu 
* Cavallo. p. 48. 

This paper may be consulted in the 2d vol. of Mr. Gavallo’s Electricity, the 
3d edition, 1766. 

P’11. A Third Essay on Sea Anemonies. By the Abbe Dicquemare. p. 56 . 

In this paper the Abb£ Dicquemare observes, that sea anemonies, having 
their bases unequally extended upon and fixed to the hard substance of rocks, fcc. 
do often contract, and thus tear off and leave on the above hard substance one 
or more small shreds of their bases, covered with pieces of the old coat of the 
animal, and that these shreds soon after become small anemonies. This singular 
circumstance he ha6 often had occasion to observe, having been very attentive 
and assiduous in observations of this nature. This process is completed in less 
than three months, when the small anemonies thus produced from shreds or 
fragments may be considered as perfect. After having observed the strips or 
small fragments thus naturally detached from the animals to be capable of grow- 
ing into new and complete ones, the Abb6 severed with the point of a knife 
several small pieces from the basis of several sea anemonies, at the places where 
their base seemed most extended while adhering to oyster-shells, &c. and putting ' 

* In abridging this paper we have taken the liberty of substituting the specific character of the 
bird from Mr. Latham's Index Omithologicus for the tedious, and now useless descriptive character 
detailed by Dr. Sparraun. 
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them separately into different vases, he found that, after a certain number of 
days, they fixed themselves, and in less than three months became furnished 
with limbs, &c. 

In observing the progress of such fragments as had been left naturally, or 
from the bases of such anemonies as had moved from their place, he noticed, 
that some fragments produced several small anemonies, which sometimes have 
remained united for a considerable time, while others have soon separated.. 
These experiments were principally made. during the winter season. 

n. b. In . conducting such experiments it is necessary that the seawater the 
animals are kept in be clear, and frequently renewed. 

VIII. Experiments and Observations in Electricity. By Mr. William Henley, 

F. R. S. p. 85. 

The most useful parts of these observations may be consulted in CavalLo’s 
Electricity, in 2 vols. 8vo. 

IX. Extract of a Letter from Jno. Strange, Esq., His Majesty's Resident at Ve- 
nice, to Sir John Pringle, Bart., P. R. S. : with a Letter to Mr. Strange 
from the Abbe Joseph Toaldo, Professor in the University of Padua , &c. 
giving an Account of the Tides in the Adriatic, p. 144. From the Latin, 
dated Patavi, Nov. 9, 1 776. 

Sig. Toaldo’s account of these tides is here said to be grounded on the obser- 
vations of a very accurate person at Venice, a Sig. Temanza, a celebrated archi- 
tect and engineer. The first material observation is, that at Venice, it is high 
water at 10 T ' T hours after the moon’s passage over the meridian, either above or 
below the horizon, on the day of the full or change. Then, as to the height 
of the tides, it is observed that, at new and full moon, they will rise 3 or 3-f 
feet, seldom 4, and very seldom 6 or 7 , and that only when the waters are urged 
by a south wind. But that about the quarters the rise of the tide is much less, 
being sometimes hardly 3 inches ; but at a medium about 16 inches. That the 
tides in other parts of the Mediterranean are still less, being indeed hardly at all 
perceptible, except in straits and bays. That on the first turn of the tide, the 
rise is very slow and gradual for the first 3 or 4 hours, so as hardly to rise 3 
inches per hour ; but afterwards it rises with a very rapid and violent motion ; 
then, after being still for about half an hour at the top, it descends again in a 
reverse manner. 

It is observed that generally the tides are a little'' higher in winter than in 
summer. Thus, the medium height of all the tides in the 6 winter months, in 
the 5 years 1751, 2, 3, 4, 5, was 2 ft. an inch; and the medium of all the 
tides in the 6 summer months of the same years, was 1 ft. 9.7 inches. It fur- 
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ther appears, by the observations, that the greatest tide falls in December, about 
the winter stolstice, the least in the month of August, and the mediums in 
March and September. S. Toaldo adds a slight sketch of the course of the flux 
of the tide through the Mediterranean Sea ; first entering by the Straits of 
Gibraltar, it sweeps along by the south side, the coasts of Africa and Egypt ; 
then turning by the east it sweeps along the north side, passing by Syria, Greece, 
Italy, Liguria, France, and Spain, and thus issues into the Atlantic Ocean by 
the Gibraltar side of the Straits. 

X A Letter from Mr. Peter Wargentin, F. R. S., Sec. to the Acad, of Sciences 
at Stockholm, to the Rev. N. Maskelyne , B. D., F. R. S., &c. concerning the 
Difference of Longitude of the Royal Observatories at Paris and Greenwich, 
resulting from the Eclipses of Jupiter s first Satellite, observed during the last 
Ten Years. From the Latin, p. 162. 

The manner of deriving the difference of longitude, or difference of time, 
between two places, by the observation of the eclipses of Jupiter’s satellites, is 
well known ; viz. the same eclipse, either immersion or emersion, being observed 
at different places ; then, because the eclipse is seen the same moment at each 
place, the difference of the observed times must give the difference of longitude 
between the places, estimated at the rate of 15° to an hour of time. In this 
way, by comparing together a great number of corresponding observations of 
such eclipses, made at Stockholm, at Paris, and at Greenwich, IV^r. Wargentin 
deduced the differences between the meridians of these 3 places, differing among 
themselves but by a few seconds only : then, by taking a medium among all the 
results of each sort, he concludes that he has obtained the true differences of 
longitude between the 3 places very nearly. Hence it is ultimately concluded, 
that the difference in time between Paris and Greenwich, is Q m 25*, and between 
Stockholm and Greenwich l h 12 m 2J*. 

XI. A Method of finding the Value of an Infinite Series of Decreasing Quanti- 
ties of a certain Form , whenit converges too slowly to be summed in the Common 
Way by the mere Computation and Addition or Subtraction of some of its Initial 
Terms. By Francis Maseres, Esq. F. R. S., Cursitor Baron qf the Exchequer. 
p. 187. 

Let a, b, c, d, e,f, g, h, &c. ad infinitum, represent a decreasing progression 
of numbers j and let their differences, a — b, b — c, c — d, d — e, e —ff— g t 
g — h, &c. also form a decreasing progression : and likewise, the differences of 
these differences, which may be called the 2d differences of the original numbers, 
form a decreasing progression ; and the differences of those 2d differences, or 
the 3d differences of the original numbers also form a decreasing progression j 
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and in like manner, the differences of the said 3 d differences, or the 4 th dif- 
ferences, of the original numbers ; and the 5 th and 6 th differences, and all 
higher differences, of the same numbers, also form decreasing progressions. 
Also let * be a quantity of any magnitude not greater than unity. Then on 
these suppositions the value of the iufinite series a — bx - j- cxx — dx 3 -f ea ? 4 — 
Jx s 4- g x ° — Aar 7 4* &c. will be equal to the following differential series, viz. 


a — 


bx 

1 + * 


P XX 


D Jr 


D JT* 


D iv JT 5 

(”+*)» 


(l + *) 


r 6 — &c.; where 


(1+*)* (I+4T)* (1 +x) 4 

d' = b — c, the 1st of the 1st order of differences ; 
d" ss b — 2c + d, the 1st of the 2d order of differences ; 
d'" = b — 3 c -f- 3d — e, the 1 st of the 3 d order of differences ; 

Dw = b — Ac 6d — Ae 4 -f, the 1 st of the 4 th order of differences; and so on. 

This theorem is the same, in substance, as the 7th prop, of Stirling’s Me- 
thodus Diflerentialis, first published in the year 1730 ; and it is the same, both 
in form and substance, as corol. 4 , pa. 65 , of Simpson’s Dissertations, pub- 
lished in 1 743 . Mr. Maseres has not given the investigation of this series j 
but it is given by Stirling, and still in a way much neater and easier by Simpson ; 
by both of whom also the method is applied to a series, the terms of which have 
all the same sign, 4" or — » 38 we ff 38 to the case above given, where the terms 
have these signs alternately. 

Mr. Maseres remarks that the foregoing differential series will always con- 
verge with a considerable degree of swiftness, so that 6 or 8 of its terms will 
give the value of the whole, and consequently that of the original series to 
which it is equal, exact to several places of figures, even in the most difficult 
cases: for if x be = 1, which is its greatest possible magnitude, 1 4- * will be 
= 1 + 1 or 2, and consequently (l 4- x)*, (l 4- x) # , (l + ar) 4 , (l 4- x)», and 
the following powers of 1 -f- x, will be equal to 4 , 8, 16, 32 , and the following 
powers of 2 ; and the powers of the fraction ^ - will be equal to the powers 

r rrr, r .1 ■ bx DXt D"j> D '"x* D ir X 5 

of 4. 


Therefore the series a — t , , — 


See. will in this caw be 


1 + * f+aV 

. b J>' D" 

to • — — — 

2 4 8 



nra» r+ra* 

--M-a-* 1 - ,he 


terms of which decrease in a greater proportion than that of 1 to 2, because the 
numerators a, b, v*, d", d", d' t , d t , &c. form a decreasing progression, and the 
denominators increase in the proportion of 2 to 1 . 

Mr. M. gives some examples of the use of this theorem, in the numeral cal- 
culation of the series for the length of a circular arc that is expressed by a series 
La terms of its tangent ; and also of the series expressing the time of a body 
descending by gravity down a circular are. Which examples it would be useless 
to repeat in this place. 
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Jill. Translation of a Passage in Elm Younes ; with some Remarks on it. By 
the Rev. Goorge Costard , M.A.> Vicar <f Twickenham, p. 231. 

Having, by means of the r. 4., been favoured with a transcript of the Arabic 
passage in manuscript of Ebn Younes, in the library at Leyden, I now send as 
exact a translation of it as I can. I give it in Latin, as the former translations 
of it were in that language, and as the numbers in the ms. by no means agree 
with calculations made by modem tables, I have ventured to suppose that they 
have been somehow or other altered from what they were in the original tables 
of Ebn Younes. I have likewise ventured to suppose that the present Leyden 
copy is a transcript of another copy, which is no very violent supposition, consi- 
dering how long ago these observations have been made, and how long it is 
since Ebn Younes wrote. I have likewise made no scruple to suppose that, 
however distinct and elegant both the Arabic letters and figures are in later ma- 
nuscripts, they were not so in those of a more ancient date, so that one might 
easily be mistaken for another, where there is a similarity; and this mistake 
would be the more easily committed by a person ignorant of the subject. This 
probably was the case of all such as were hired by booksellers to transcribe ma- 
nuscripts for sale; and for this reason, when the transcriber had made any mis- 
take, he would not blot it out for fear of spoiling the sale of his book. There 
is an instance of this sort in this very manuscript in the observations of the 3d 
eclipse, which is that of the moon, as may be seen in the transcript and transla-. 
tioa sent last year by Mr. Schuhens. 

If what has been said be allowed me, as I hope it will not be thought too 
much, I think I shall be able to account possibly, if not probably, for the dif- 
ferences between the observations as set down in the manuscript, and the result 
of the calcula ti ons by modem tables: a thing winch has not been hitherto at- 
tempted, as few who have been versed in astronomy have been acquainted with 
the Arabic language; and those, on the other hand, who have well understood 
Arabic, have been aa little conversant with astronomy. 

What 1 hare now advanced shall be exemplified under the first eclipse, which 
Is one of the son. In this edip6e, according to the manuscript, at the beginning, 
the sun’s altitude was more than IS («u) degrees, and less than 16 (j,) ; and at 
the end it was more than 33 degrees (^}) and ■£. Bat I make the sun’s height 
at the beginning 30 (1 ) degrees, and at the end nearly ( y ). In the manu- 
script, the digits eclipsed are said to have been 8 (v, or a, as it is sometimes 
written) ; but I make them only a little more than 4 (j), or about 4-f . 

Whether the notation in the original manuscript of Ebn Younes was in letters 
or arithmetical figures is uncertain; but most probably it was in the former, as 
it is in most of the tables now extant, though composed since the admission and 
i use of arithmetical figures. On this supposition then, or that they were so iw . 
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the manuscript from which the present manuscript was copied, we shall very na- 
turally account for the mistakes we find in it. Thus, for instance, 1 by some 
accidental stroke at the bottom, would easily be taken for^J, as A is sometimes 
written in manuscripts; and if the perpendicular stroke in the J was made short, 
as in a table it very well might be, 1 (30) would naturally be taken for^J or <u 
(15); and, by the same rule, y (36) would very easily be taken for ^ (l6); 
and j (4), the digits eclipsed, for v which is 8 in the other form of notation, 
or i. in this. In the manuscript it is said, that the sun’s altitude at the end by 
observation, was a little more than 33 (^) degrees; but this would, in a ma- 
nuscript ill written, easily be mistaken for ^ (35) or J (36). 

As to the words, translated by Professor Schultens fpr Mr. Grischow, “ accidit 
hoc in piano circuli ejus minus quam 7 digiti,” I am apt to suspect they are no- 
thing more than some marginal reading crept into the text; that is, somebody 
Seeing the digits eclipsed here made 8 (►), added, as the Arabic will very well 
bear, “ imo minus quam ^ (7) or v (7)>” as in the other form of notation that 
figure is sometimes made. The writer of this manuscript, whoever he was, was 
certainly acquainted with both forms of notation, as he has made use of both. 
This interpretation is at least plausible, and clears up a sentence which greatly 
perplexed both Mr. Grischow and Dr. Bevis, and seemed to them quite unin- 
telligible. 

The account given by Curtius of the 2d eclipse, which was a solar one, is this; 
Anno eodem, die Sabbati, videlicet, 29 mensis Sywal, (numero decimi, qui Pas- 
chalis est eorum) eclipsis solis occupavit digitos 7+. In principio, sol altus ferd 
56°. In fine, sol occiduus elevabatur gradibus 26. Ex Shickardo in ms. This 
it is plain is not a translation of the Arabic; for that, as translated by Schultens 
for Mr. Grischow, and transmitted by him to Dr. Bevis, is much fuller, and is 
as follows: 

Eclipsis Solaris . — Haec eclipsis extitit die Sabbati, 29 mensis Siewal, anno 367 
Hegirae. Et dies Sabbati hicce ipse est dies 9 mensis Chordadma, anni 348 Jes- 
dagirdis, et ipse 8 mensis Haziran anni 1289 Alexandri, et ipse est 14 mensis 
Buna, anni Dioclesiani. Fuitque maximum quod eclipsatum est de diametro 
solis, 5 t digiti super calculo accuratiore. Erantque de piano circuli ejus 4 digiti 
et 1 0 minuta. Et erat elevatio solis, tempore quo eclipsis incepit, secundum 
oculum 56° circiter; et erat integra ejus reapparitio cum esset elevatio ejus 26 
graduum, aut circiter; erantque sol et luna simul in hac eclipsi, in propinquo 
distanti® maxim® a terrA Deus scit an calculus hie bend sit positus. Tempus 
respondet diei 8 Jun. an. Christi 978. 

Thus far Mr. Schultens. And here I must observe that, according to him as 
well as Curtius, the sun’s altitude at the beginning was about 56°, or in Arabic 
notation y ; but by computation I make it only about 47° 50'. Suppose it were 
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47 (j*)i then where the letters are small and ill made, y and j*, may easily be 
mistaken for each other. The sun’s altitude at the end of this eclipse, ' according, 
to both Curtius and Schultens, was 26° (y); but by calculation I make it a little 
more than 36° (y). But these figures are so nearly alike that they would easily 
be mistaken by an ignorant transcriber, and from a manuscript that was ill 
written. 

How Schickard or Curtius for him, came to make the digits eclipsed 7\ I 
know not: for in the manuscript, as translated by Schultens for Mr. Grischow 
above, we see they were only 5-J. and that super calculo accuratiore, or as the 
Arabic should have been translated, juxta calculum accuratiorem. The meaning 
of which, I suppose is, that Ebn Younes had found by calculation that the digits 
eolipsed would be 5£, and that at the time his calculation agreed with his obser- 
vation; as indeed it did, for I make them about 5-J-, however widely this differs 
from 7-J- as in Curtius. 

When the altitude of the sun, at the beginning of this eclipse, is said to have 
been 56° or nearly, secundum oculum, it is evident that this was an observation. 
When it is added, erantque de piano circuli ejus 4digiti et 10 minuta, in words 
at length, it seems to have been some interpolation or marginal reading, crept) 
into the text, as another seems to have done under the former eclipse; for if the 
digits eclipsed here were 5-f, agreeable both to observation and accurate calcula- 
tion, they must certainly have been more than 4° 10'. 

At the conclusion of the former eclipse it was added in the translation, Deus 
scit an observatio sit bend instituta; and here the passage, as translated, con- 
cludes with Deus scit an calculus hie bend sit positus. But in the Arabic, as 1 
have received it, there is no mention made either of observation or calculation. 
The words are the same in both passages, and are only adjuvante Deo The 
other translations seem’ only to have been what Mr. Grischow collected from 
professor Schultens, who, he says, was totally ignorant of astronomical language^ 
as he himself was ignorant of Arabic. 

The 3d is a lunar eclipse; ami the account given of it by Curtius, from 
Schickard, is this : Anno Christi 979. Anno Hegirae 368 (qui incipit d. 8 Aug., 
mihi die 9 Aug. anno Chistiano 978) die Jovis, 14 Sywal, luna fuit orta cum 
defectu, qui ad 54- digitos accrevit, cum extaret supra horizontem gradibus etiam 
26 (subaudio finem tunc aceidisse). Schickardus. Qui adjungit, tempus res- 
ponderediei 14 Maii, anno Christi 979. The account of this eclipse, as trans- 
lated by professor Schultens for Mr. Grischow, is more particular and intelligible, 
viz. Eclipsis lunae extitit in mense Sieval (sive Xaval) anno 368 Hegirae. Orta 
est luna eclipsata, in nocte cujus , aurora fuit feria quinta; Et haec feria quinta 
fait dies 25 mensis Ijar, anni 1290 Alexandri, et ille 20 mensis Baschner (sive 
Fachon) anni 695 Dioclesiani. Spatium quod eclipsatum fuit de diametro. ejus, 
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• 

fait amp! ius quam octo digiti, et minus quam novum. Fuitque hora ortfis ejus 
proxima horse oppositionis, secundum fundamenta quibus computare solco. Et 
perfecta est ejus reapparitio (sive finis) cum praeteriiaet de nocte (i. e. post occa- 
sum solis) cirdter hora justa, et quinta horse pars, proot observavi. Et erat 
luna, in hac eclipsi, in propinquodistantise suae mediae. Tempus respondet dies 
14 Maii, anno Christi 979. 

With regard to the time of the opposition, and the moon’s rising at Cairo, 
there is very little difficulty; for she rose there at 6 h 48 m 10*, and the time of 
opposition was at 6 1 * 24“ 36*. The end of this eclipse there was at 7 h 54“ 26*. 
and the time of sun-set was at 6* 1 47“ 52*. The difference is l h 6™ l6*, and 
agrees very well with the manuscript. The passage, as we have it here in Cur- 
tius from Schickard, is very obscure. For it seems either to mean that w hen 
the digits eclipsed were 5-p, the moon was 26° high, or that she was 26° high 
when the eclipse ended. But I take the last to be intended; for the moon was 
26° high at 7 h 36“, and the eclipse ended, as we saw, at 7 h 54“ 26*. 

But when Schickard or Curtins say this defectus ad 6-J- digitos accrevit, the 
.roeauing must be that they amounted only to 5-f. But this is not true ; for ac- 
cording to the manuscript, they were between 8 and 9, and I make them 
about 8-f. I am apt to suspect therefore that the transcriber, whoever he was, 
cast his eyes on the solar eclipse above, where the digits eclipsed are really 5-f, 
and carelessly set them down to . this lunar eclipse where they do not belong. 
And to confirm this conjecture, it must be observed, that after the word Diocle- 
tian, under this lunar eclipse, in the Arabic follow six lines, which are a repeti- 
tion of all that was said under the last solar eclipse, from the same word Diocle- 
sian to the end of that observation. 

I shall now, in the last place, give a translation of the Arabic passage entire; 
omitting however the interpolations mentioned above, which embarrass the 

whole.-— lofit AM IBM ABDOBBAHMAH, IBN ACHMBD, IBM YOUNB8, IBN ABD0L* 
aali. — Imprimis, jam commemoravi eclipses, tam solares quam lunares, quas 
observ&runt viri docti ; eruditi ii quorum nomina recensui, quasque ad eos retuli, 
incipiendo ob aoctoribu6 libri dicti almomtahbn, usque ad filios Majour ; quin 
et conjunctions eorum cum stellis fixis, quas observArunt, et quorum loca com- 
memordrunt, et invenerunt, tempore oonjunctionum eorum. — Ipse deinde me- 
morabo eclipses quas observavi, tarn solares quam lunares, et conjunctions cum 
stdfis fixis, et quaenam fuerunt form® eorum in conjunctionibus suis. Ut qui- 
cunque me sequantur, et indicia habere desiderent, meis utantur, quemadmodum 
ae ego eorum indiciis et direction ibus usua sum, qui ante me observlrunt. Deus 
autem adjutor est.— Eclipats Solaris erat priore parte diei, fori A quinta, die decimo 
octavo mensis Rabun posterior is, anno Hegira 367. Et hac feria quinta erat 
dies decimus meundus mentis Adzermah, anno Yezdagerdis 346. — Caraffi* 
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adfuimus, in templo abi gaapabi achmed ibn nasar Africani, coetus erudito 
rum, ad hanceclipsin observandam. E quorum numero erat haboun ibn mo- 

hammed AL GAAPARI, et ABU ABDALLAH AL HOSEIN IBN NASAR AfrlCaUUS, et 
ABUL’ HOSEIN ALI IBN MAHARBACHT PerSa, et ABUL* ABAS ACHMED IBN ACHMED 

al churgii, et abu achmed assumachi, et abu omar Scriba. — Ex his, prseter 
alios eruditos cum reliquis observatoribus, nonnulli erant astronomic^ docti.— 
Ipse quoque eodem contendi, unH cum abul’ kasem abdorrahman ibn hosein, 

IBN TISAN, AL IDAS, et HOSAN IBN AL DARANI, et HAMBD IBN AL HOSEIN. 

Et hi omnes initium hujus eclipseos observ&runt, quae, ad sensum meum, ap- 
parere incepit sole plus quam gradibus 15, minus autem quam l6 elevato.— 
Omnes quoque praesentes opinione consentierunt obscurari de diametro ejus 
circiter 8 digitos. — Et splendor ejus' perfect^ recuperatus est cum elevaretur am- 
plius quam gradibus 33 cum terti& fer6 parte, prout ipse mensuravi ; omnibus 
qui aderant consentientibus. — In hac eclipsi, sol et luna simul erant non longd a 
distantift sui proximo a terrA. ' Adjuvante Deo. 

Eclipsis Solaris. — Hsec eclipsis incidit in diem Sabbati, diem 29 mensis Shuwal, 
anno Hegirae 367. Eratque hie dies Sabbati, dies 9 mensis Chordadmah, anno 
Yezdagerdis 347, et dies 8 mensis HazirAn, anno Alexandri 1289; et insuper 
dies 14 mensis Bounah anno Dioclesiani 094. Maximum quod obscuratum est 
de diametro solis erat 5-J- digiti. — Et quando hsec eclipsis, ad oculi aciem, jam 
incepisse constabat, solis altitudo erat circiter gradus 56, et lucis ejus restitutio 
completa est cum altitudo ejus esset 26 gradus, vel circiter. — Erantque sol et 
luna simul, in hsec eclipsi, prop& distantias suas maximas a terr&. Adjuvante 
Deo. 

Eclipsis Lunar is. — Hsec contigit mense Shuwal, anno Hegirae 368. Orieba- 
tur Luna, eclipsi jam inchoatd, nocte cujus Aurora erat feria quinta, quae feria 
quinta erat dies 28 mensis Ardbahest, anno Yezdagerdis 348, quae fuit 1 8 
mensis Ijar, anno aerae Alexandri 1290. Eratque dies 20 mensis Bishnis, anno 
Dioclesiani 698. — Eratque quantitas diametri ejus obscurata, plusquam digiti 8, 
et minus quam novem. Tempusque ortCis ejus erat propd tempus oppositionis 
juxta fundamenta quibus computavi : lucemque plenam recuperavit cum de nocte 
praeteriisset hora circiter aequmoctialis, cum quintd parte, prout ipse conjectavi. 
— Eratque luna in hac eclipsi, haud procul a distantift su& medift a terri. Adju- 
vante Deo. 

XH1. Observations on the Annual Evaporation at Liverpool in Lancashire ; and 
on Evaporation considered as a Test of the Moisture or Dryness of the Atmos- 
phere. By Dr. Dobson of Liverpool, p. 244. 

The quantity of rain which falls during the course of the year, is a very un- 
certain test of the moisture or dryness of any particular season, situation, or 
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climate. There may be little Or oven no rain, and yet the air be constantly 
Jam p and foggy * or there may be heavy rains, with a comparatively dry state of 
the atmosphere. The same depth of rain will likewise produce different effects 
on the air, according as it falls on a flat or hilly country ; for large quantities 
•soda quit the hills or high grounds, while smaller quantities have more lasting 
nnd powerful effects on a flat country. Much also depends on the nature of the 
soil, whether clay or sand, whether firm and compact, or loose and spongy. Is 
not evaporation then a more accurate test of the moisture or dryness of the at- 
.mosphere, than the quantity of rain i 

It is well known, that air is an active solvent of water, and that its powers of 
solution are in proportion to its dryness. It is also well known, that in chemi- 
cal solutions, the action of the menstruum is greatly promoted by heat and agi- 
tation. If the temperature of the air then, and the state of the winds, be as- 
certained, which in the present Case denote the heat and agitation of the men- 
struum, the evaporation will be the true index of the dryness of any particular 
season, situation, or climate. * . 

To determine the annual evaporation in the neighbourhood of Liverpool, Dr. 
-D. procured 2 well varnished tin vessels ; one of which was to serve the purpose 
of a rain-gage ; the other to be employed as an evaporating vessel. The evapo- 
rating vessel was cylindrical, 12 inches in diameter, and 6 inches deep. The 
rain-gage consisted of a funnel also 12 inches in diameter, the lower end of 
which was received into the mouth of a large stone bottle ; and, to prevent any 
evaporation from the bottle, the pipe of the funnel was stopped with a grooved 
cork. These vessels were placed in the middle of a grass-plot, on a rising 
ground adjoining, and immediately overlooking the town, about 75 feet above 
the level of the sea, and with a free exposure to the sun, winds, and rain. 
The cylindrical vessel was filled with water within 2 inches of the top ; and if, in 
consequence of heavy rains, there was dauger of its overflowing, a quantity of 
water was taken out ; but if, in consequence of long drought, it sunk lower, a 
quantity of water was then occasionally added ; and these additions or subtrac- 
tions were carefully registered. At the end of every month, the depth of rain 
was first calculated ; and, as each vessel received the same depth of rain, he had 
only to examine the quantity of water which had been added to, or taken out of 
the evaporating vessel, and the evaporation of the month was ascertained. 

The 1st column of the following tables points out the mean temperature of 
the air at 2 in the afternoon. The 2d, the character of the month with respect 
to the winds, the number of dots expressing their strength ; and, to make this 
part tolerably accurate, daily observations on the winds were marked down, and 
the character of the month formed from a general survey of these observations : 
our winds are westerly for near two-thirds of the year. The 3d column points 
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out the evaporation of each month in inches and decimal parts of an inch. -The 
4lh, the depth of rain during each month. And the 5th, the state of the sea- 
sons, a being prefixed to the evaporation of the whole 3 months, a to the rain, 
and t to the mean temperature. In making these experiments, 251 grains were 
allowed for every cubic inch of water; and 3 lb. 12 oz. of water give a depth of 
1 inch on a circular area of 12 inches diameter. 


Table i, for 1772. 

Table ii 

for 1773. 

Table hi, for 1774. 

Table iv, for 1775. 

Mths. 

T. 

Wd. 

Ev*p. 

Rain. 

Sevens. 

T. 

Wd. 

Evap. 

Rain. 

Seasons. 

\l- 

Wd. 

Bsap. 

Rain. 

Seasons. • 

T. 

Wd. 

Evap. 

Rain. 

Seasons. 

Jan. .. 

SB 

... 



^ a. 4.87 

44* 


1.85 

3.15 

^ i. 5.74 

m 


1 38 

T43 

E. 5.92j 

44} 


na 

321 

^ b. 7.10 

Feb... 


1HPP 

■ft 

Bjpt 

Va. 7.23 

421 

. . . 

1.13 

2.37 

Vr. 6.17 

IS! 

• • • • 

1.67 

2.42 

Vr. 8.23 

4ft 3 


EG2 

462 

12U&2J 

March 


H 

jjR 

VRg 

) t.40. 

21 

. . . 

2.76 


Jx.45. 

49} 

• • • 

2.87 

1.38 


m 


2.57 

2.45 

J t. 474. 

April 



•JRj 


) a.11.40 

54 

• • . 

2.80 

2.47 

9.34 

54} 

• • • 

4.56 

2.23 

1 *.12.39 

57| 


3.21 

1.01 


May . . 

Sf 


1ft 

3.42 

Vr. 8JJ9| 

57 

. . 

3.79 

4.56 

Vr. 0.35; 

59} 

• • • 

4.31 

1.65 

Va. 7.14 

61* 


am 

0.85 

V«. 3.98 

June.. 

m 

■ 

'jliV 

3.12 

/t.57. I 

64} 


2.66 

1.42 

) t.58. ! 

63 

# 

3.52 

3.26 

) t.59. 

US 


6.86 

2.12 

J t.6S. 

July.. 

EE 

.. 

SRI 

BED 


67 

.. 

492 

1.32 

kniiy 

66} 

M # 

4.97 

2.68 

'ks. 13.51 

68} 


1E3 

5.3l 


Aug-. . 

08 

.. 

H'.! 

3.05 

Va. 11.29 

XI 


5.75 

2.21 

IflCaEa 

67 


4.52 

2.36 

Vr.10.59 

06* 


4.42 

4.29 

Vr. 12.57 

Sept.. 


• 

2.32 

6.05 

Jt.66. 

60 

. # 

3.35 

6.55 

J t.65. 

61} 


4.02 

5.52 

J t.65. 

65 


3.05 

MW T»1 

) t.56§. 

Oct... 


. , 

3.18 

3.42 

\ «. 6.46 

55 

. . . 

2.79 

4.57 

) «. 5.49 

57 


1.95 

mwm 


54} 

. • . 

2.12 

7.01 

*. 5.27 

Nov-. 

EE 


2 15 


igjTjgrm 

47} 

. • • 

1.15 

6.99 

Mt.l5.58 

464 


1.12 

2.69 

iSaXS 

45 


1.63 

3.03 

Vr.13.39 

Dec." 

44 


1.13 

2.21 

) t.51. | 

11} 


1.55 

4.32 

Jt.48. 

41} 


1.75 

1.63 

mm 

rm 

m 


1.52 

3.35 

, J t 49}. 


54 


35.95 

37.39 

| 

* } 


34.59 

40.18 


54 


36.64 

31.93 

i 

3 


39.96 

. < • 

40.82 l \ 


Obfervatiom. — 1 . It is evident from these tables, whether we attend to sepa- 
rate months, seasons, or years, that the depth of rain is a very erroneous index 
of the moisture or dryness of the atmosphere. . On comparing the 2 months 
July and August of the year 1772, it appears that the temperature of the air, 
the state of the winds, and the evaporation, were nearly the same during these 
2 months, and yet the rain of August was more than double that of July. The 
reason why the greater quantity of rain had no more effect than the smaller in 
adding moisture to the atmosphere, is obvious; for on consulting the register, it 
appears, that the rain of August fell in heavy showers, and ran off the ground 
before it could be evaporated; while that of July, falling in small drizzling 
showers, gave more time for its evaporation. 

Again, the temperature of the air, the state of the winds, and the evapora- 
tion, were nearly the same during the first 3 months of the year 1773, with 
what they were during the last 3 months of that year : the state of the air 
therefore, with respect to moisture and dryness, most have been the same 
during these 2 seasons ; and yet the depth of rain, in one of these seasons, was 
much more than double what it was in the other. If we attend to whole years, 
the same observation is confirmed. The rain of 1775 exceeded the rain of 
177-4 more than 8 indies ; and hence it might be concluded, that the atmos- 
phere was more moist in 1775 than in 1774; the reverse of this however is 
found to be the fact : for there evaporated from a constant and determinate 
surface of water in 1 775, foil 3 indies more than evaporated from the same 
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surface of water in 1774. Consequently the dryness of the atmosphere, or its 
power of solution, during the year 1775, exceeded that of 1774. 

2. If we take the medium of 4 years observations, it appears, that the 
annual evaporation at Liverpool amounts to 36.78, inches. Dr. Halley observed 
at London, that water placed in a close room, where neither the winds nor sun 
could act on it, exhaled only 8^ inches during the whole year. He makes no 
doubt but that the free access of the winds would have trebled the quantity carried 
away ; and that this again would have been doubled by the assistance of the sun. 
Dr. Halley therefore fixes the annual evaporation of London at 48 inches. If 
this calculation be admitted, it follows, that the annual evaporation of London 
exceeds the annual evaporation of Liverpool 1 1 inches ; but were the experi- 
ments to be made in London, in the same circumstances with those made at 
Liverpool, it is probable that this would be found to be more than the real 
difference. 

The learned Cruquius observed at Delft in Holland, that there exhaled from 
water set in the open air, but in a calm and shady place, about 30 inches ; and 
it is not to be doubted, says Dr. Brownrigg, in the Art of making common 
Salt, but that double this quantity, or 60 inches, would have exhaled, had it 
been placed where the sun and winds could have had their due effects. In 
another part of this publication, Dr. Brownrigg fixes the evaporation of some 
parts of England at 73.8 inches during the 4 summer months. May, June, 
July, and August ; and the evaporation of the whole year at upwards of 140 
inches. These are calculations however which do not appear to correspond with 
experience; for the whole evaporation at Liverpool, instead of 140 inches, was 
only 36.78 inches. And the evaporation of the 4 summer months, on a medium 
of 4 years, instead of 73 inches, was only 18.88 inches. 

3. Dr. Hales calculates the greatest annual evaporation from the surface of the 
earth in England, even that from a surface of hop-ground, at 6.66 inches. If 
we compare this with the annual evaporation from a surface of water as deter- 
mined by experiment,, we find, that the latter exceeds the former about 30 
inches; and that the annual evaporation from a surface of water, is to the 
annual evaporation from the surface of the earth in this part of England, 
nearly as 36 to 6, or as 6 to 1. 

4. .On comparing the depth of rain with the annual evaporation of this part of 
Lancashire, we find that more falls in rain than is raised in vapour, even though 
the whole were a surface of water; for the rain is to the evaporation as 37.43 
inches to 36.78 inches : and we further find, that the quantity exhaled from the 
surface of the earth, is little more than a 6th part of what descends in rain ; we 
must therefore have very large supplies from other regions, from the surrounding 
sea, and from the ocean of warmer climates. Hence we see, why our south 
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ahd south-West winds are so often accompanied with rain ; for as the air sweeps 
along the warmer latitudes, it involves a larger proportion of moisture, which 
is constantly and copiously exhaling from the ocean ; and this moisture being 
retained in a state of solution till it reaches the colder climates, is then either 
collected in the clouds or immediately precipitated in rain, according to the 
different conditions of the atmosphere. 

These foreign supplies however are uniformly restored to the sources from 
which they were derived: for that proportion of rain which rises not in vapour, 
after moistening and refreshing the earth, forms springs, brooks, and rivers, and 
is thus perpetually returning to the ocean whence it was taken ; so truly philoso- 
phical are the words of the preacher, when speaking of this vast circulation : 
“ All the rivers run into the sea, yet the sea is not full : unto the place from 
whence the rivers come, thither they return again.” 

5. About a century ago, the ingenious Mr. Townley, of Townley, in this county, 
made some accurate observations on the depth of rain which fell annually in the 
neighbourhood of the hills which divide Lancashire and Yorkshire; and on taking a 
medium of 15 years, he determines it to be 41.5 16 inches. The depth, of rain 
therefore at Townley, exceeds the depth of rain at Liverpool, aboutf 4 inches. 
This is probably however less than the real difference ; for there was a source of 
error in Mr Townley’s experiments, with which the world was not at that time 
acquainted. Mr. Townley’s rain-gage was fixed full 10 yards, above the surface 
of the earth ; which circumstance, according to some later observations, makes 
a very material difference in the result of the experiment. Were the observa- 
tions to be repeated at Townley, and the rain-gage placed on the ground, there 
can be no doubt but that the depth of rain would considerably exceed 41.51 6 
inches ; for I find from a great number of experiments, made during the last 
3 years, with 2 vessels of equal dimensions, one placed on the ground, and the. 
other 1 8 yards higher on the battlement of the hospital ; that the quantity 
received in the lower vessel exceeds that in the higher more than one-third and 
less than one-half. 

6 . An ingenious friend, on perusing these observations, asked, “ Whether, 
the fact of evaporation going on equally well in an exhausted receiver, was not 
an unsurmountable objection to that theory concerning evaporation, which 
supposes a chemical solution of water in air ?" With a view to ascertain this 
feet I made the following experiment: Two china saucers, each containing 3 
ounces of water, were accurately weighed. One of them was placed in the 
open air ; the quicksilver in the thermometer during the experiment between 
48° and 50°, the day tolerably clear with a moderate breeze. The other was 
put under the receiver of an air pump ; the air was exhausted, and the pistons 
occasionally worked, to draw off any of the water which might t>e supposed to be 
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converted into vapour. After 4 hours the saucers were again accurately weighed ; 
that m the open air had lost 1 drachm and 8 grains ; the weight of the other 
was not sensibly diminished. From this experiment it appears, that air is a 
chemical solvent of water, and as such is undoubtedly to be considered as one 
cause of the evaporation of water. Heat is another cause of evaporation, and 
when raised to a sufficient degree may produce this effect without the intervene 
tion of air, and the evaporation consequently go on copiously in' an exhausted 
receiver, agreeably to the experiments of the ingenious Dr. Irving, in Phipps’s 
Voyage to the North Pole, p. 211. 

The following observations are added as a further illustration of this subject. 
Water may exist in air in 3 different states. 1. In a state of perfect solution. 
% In a state of beginning precipitation. Or, 3. Completely precipitated, and 
falling in drops of rain. In the 1st instance, where the water is in a state of 
perfect solution, the air is clear, dry, heavy, and its powers of solution still ' 
active, though it already contains a considerable proportion of water. In the 
id, the air becomes moist, foggy, its powers of solution are diminished, and it- 
becomes lighter in proportion as its water is deposited. It is a singular and 
well-attested fact, that it never rains in the kingdom of Peru ; but that during 
part of the year the atmosphere is constantly obscured with vapours, and the 
whole country involved in what they call garuas, or thick fogs. 

It is not necessary to point out the causes which thus dispose the air to depo- 
sit its dissolved water ; nor to consider with what bodies air has a stronger 
affinity than with water; neither to inquire how for the electrical fluid is 
engaged in the process. It is sufficient to observe, that so long as these causes 
have a general action on the air, they dimmish its power of solution, and give a 
damp and foggy state of the atmosphere ; that when they operate for a consider- 
able proportion of the year, they produce a moist climate ; and that when they 
more generally do not, and the air retains its moisture in a state of perfect 
solution, the climate is dry. Consequently, that the moisture or dryness of a 
climate, do not so much depend on the absolute quantity of water which is con- 
tained in the air, as on the air being in a state of perfect or imperfect solution. 
During long continued summer droughts, a very large proportion of water is 
dissolved in the air ; notwithstanding this, the air is still dry, and continues to 
be so as long as the water remains in a state of perfect solution ; but no sooner 
are the powers of solution diminished, than what was before a dry, now becomes 
a moist climate. 

In the 3d instance, the dissolved water may be either slowly precipitated and 
fall in drizzling rain, or it may be more powerfully discharged in brisk rain ; or 
there may be partial and sudden precipitations from particular regions, while 
other parts of the atmosphere still retain their water in a state of perfect 
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solution. Heavy thunder-showers are the most remarkable instances of partial, 
sudden, and copious precipitations. 

XIV. Of Persons who could notDistinguish Colours. By Mr. J. Huidart. p. 260. 

The chief subject of this -paper, was one Harris, who lived at Mary-port, in 
Cumberland, near which place, viz. at Allonby, Mr. Huddart lived. Mr. H. 
had often heard from others that Harris could discern the form and magnitude 
of all objects very distinctly, but could not distinguish colours. This report 
having excited Mr. H.’s curiosity, he conversed with him frequently on the 
subject. The account he gave was this : that he had reason to believe other 
persons saw something in objects which he coukl not see ; -that their language 
seemed to mark qualities with confidence and precision, which he could only 
guess at with hesitation, and frequently with error. His first suspicion of this 
arose when he was about 4 years old. Having by accident found in the street a 
child’s stocking, he carried it to a neighbouring house to inquire fpr the owner : 
he observed the people called it a red stocking, though he did not understand 
why they gave it that denomination, as he himself thought it completely 
described by being called a stocking. The circumstance however remained in 
his memory, and with other subsequent observations led him to the knowledge 
of his defect. He observed also that, when young, other children could dis- 
cern cherries on a tree by tome pretended difference of colour, though he could 
only distinguish them from the leaves by their difference of size and shape. He 
observed also, that by means of this difference of colour they could see the 
cherries at a greater distance than he could, though he could see other objects 
at as great a distance as they ; that is, where the sight was not assisted 
by the colour. Large objects he could see as well as other persons ; and even 
the smaller ones if tliey were not enveloped in other things, as in the case of 
cherries among the leaves. 

Mr. H. believes he could never do more than guess the name of any colour ; 
yet he could distinguish white from blade, or black from any light or bright 
odour. Dove pr straw-colour he called white, and different colours he fre- 
quently called by the same name : yet he could discern a difference between 
them when placed together. In general, colours of an equal degree of bright- 
ness, however they might otherwise differ, he frequently confounded together. 
Yet a striped ribbon he could distinguish from a plain one ; but he could not 
tell what the colours were with any tolerable exactness. Dark colours in general 
he often mistook for black, but never imagined white to be a dark colour, nor 
a dark to be a white colour. 

He had 2 brothers in the same circumstances as to sight; and 2 other brothers 
and sisters who, as well as their parents, had nothing of this defect. One of 
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the first-mentioned brothers, who is now living, is master of a trading vessel 
belonging to Mary-port. Mr. H. met him in December .1776, at Dublin, and 
took the opportunity of conversing with him. He wished to try his capacity to 
distinguish the colours in a prism, but not having one by him, he asked him 
whether he had ever seen a rainbow ? He replied, he had often, and could dis- 
tinguish the different colours; meaning only, that it was composed of different 
colours, for he could not tell what they were. Mr. H. then showed him a piece 
of ribbon: he immediately, without any difficulty, pronounced it a striped and 
not a' plain ribbon. He then attempted to name the different stripes: the 
several stripes of white he uniformly, and without hesitation, called white: the 
4 black stripes he was deceived in, for 3 of them he thought brown, though 
they were exactly of the same shade with the other, which he properly called 
black. He spoke, however, with diffidence as to all those stripes; and it must 
be owned, the black was not very distinct: the light green he called yellow; but 
he was not very positive: he said, “ I think this is what you call yellow.” The 
middle stripe, which had a slight tinge of red, he called a sort of blue. But 
he was most of all deceived by the orange colour; of this he spoke very con- 
fidently, saying, “ This is the colour of grass; this is green.” Mr. H. also 
showed him a great variety of ribbons, the colour of which he sometimes named 
rightly, and sometimes as differently as possible from the true colours. 

The experiment of the striped ribbon was made in the day-time, and in a 
good light. 

XV. A new Theory of the Rotatory Motion of Bodies affected by Forces 
Disturbing such Motion. By Mr. John Landen, F. R. S. p. 266. 

I consider this paper as not unworthy 'the notice of this society, through a 
persuasion that the theory contained will conduce to the improvement of science, 
by enabling the reader to form a true idea, and accordingly to make a computa- 
tion of the motion (or change) of the axis about which a body having a rotatory 
motion will turn, or have a tendency to turn, on being affected by a force 
disturbing its rotation; particularly of the motion of the earth’s axis arising 
from the attraction of the sun and moon on the protuberant matter of the earth . 
above its greatest inscribed sphere: which compound motion has not been right)y 
explained by any one of the eminent mathematicians whose writings have come 
to my hands. 

1. Let the sphere adbe, fig. 12, pi. 1, whose radius is r, revolve uniformly 
about the diameter acb as an axis, with the angular velocity c, measured at d 
or e, the motion being according to the order of the letters dgeh, in the 
section at right angles to acb, fig. 13 ; and while it is so revolving, let the pole 
a be impelled by some instantaneous percussive force to turn about tfie diameter 
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dce, from a towards* h, with the velocity w. It is proposed to find the new 1 
axis about which the sphere will revolve after receiving such impulse. 

-Calling al, parallel to DC, x; cl will be = y^r 2 — x 2 ): the velocity of the 
point a, about acb, before the impulse on a, will be = and the velocity, 

about dce, given to the same point a by the said impulse, will be = w J( r — i \ 

Which velocities of the point a being in contrary directions, if it be so situated 
that they be equal, then, one destroying the other, that point will stop and 
become one of the new poles sought, about which the former poles a and b will 
revolve with the velocity w ; and the points D and b will revolve with the same 
velocity c, as before the perturbating impulse tm the point a; but instead of 
describing the great circle dgeh, their motion will be about the new axis ab; 
about which they, as well as the points a and b, will describe lesser circles 
parallel to the great circle de, in which the points d and e (de being at right 
angles to ab) will revolve about the same axis ab, with the velocity d (c* + w a ). 
Which being denoted by e, and m and » being put for the sine and cosine of 
the angle acu to the radius 1, me will be = w, ne =z c, and consequently 
mne* = cw. 

Now taking ~ == ^SL. U i n order to find that new akis ab, we have 

from that equation x = = “ = <*/• ' 

Further, it is obvious, that if a spheroid, a cylinder, or any other body, 
whose centre of gravity is c, and proper axis acb, were* while revolving about 
that axis with the same angular velocity c, to receive such an impulse as instantly 
to give the point a the angular velocity w about dce; the axis about which that 
spheroid, cylinder, or other body, immediately after the impulse, would revolve, 
or would have a tendency to revolve, would be the same line ab. 

The great circle de (fig. 12), and any other great circle so situated with 
respect to the axis of any revolving sphere, l shall- denominate the mid-circle. 

2. In the manner above described, the poles of the sphere are, by the instan- 
taneous impulse on the point a, instantly changed from a and b to a and b. 
But if, instead of such impulse, a continued attractive force f, like that of gra- 
vity, acted at A, fig. 14, and at the new poles a', d', See. as they become such 
by a successive change, caused by such continued action of the force f urging 
the sphere at every instant to revolve about the diameter de', or d'e", Sec. of 
the contemporary mid-circle, the new pole, a', a ", Sec. would not instantly be at 
a finite distance from the primitive pole a, but some finite time would be requi- 
site, that by such successive change, the pole might be varied to a finite distance 
from a : and the force p continuing invariable^ the velocity v with which the pole 
changed its place, would be repressed by p t being the time elapsed while the 

tol. xiv. U 
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pole is varying' from a to a, and z the length of the arc \a. Therefore the 
velocity with which the pole will change its place, during such action of the 
force f, will be expressed in the same manner as the velocity v, of a body moving 
uniformly from a to a in the time t may be expressed; that is, in both cases v 
will be = -j. But there is a material difference between the motion of a body 

so moving from a to a, and the change of place of the pole a', a", &c. the former 
is permanent, and will continue to carry the body forward without the action of 
any force whatever; whereas the latter will instantly cease, and the axis will keep 
its position, if the force f ceases to act on it; like as the varying direction of a 
projectile near the earth’s surface would immediately cease to change, if the force 
of gravity ceased to act. 

It is observable, that while the force f acts, and the revolving sphere, in con- 
sequence of such action, every moment takes a new axis, the angular motion about 
the axis will continue invariable; the action of such force only altering the axis 
without altering the angular velocity of the sphere about it : like as the direction of a 
moving body is altered, without altering its velocity, by an attractive force continu- 
nually actingon it, in a direction at rightangles to that in which the body is moving. 
And if ever the force f shall cease to act, the sphere will instantly revolve with its 
primitive velocity c about the axis it then may have been brought to take by the 
preaction of that force. The new axis, about which the sphere has such ten- 
dency to revolve, at any instant during the action of the force f, I shall call the 
momentary axis; and its poles the momentary poles. 

3. From the equation -* = i l ( ar t. ]) W e have j = Now 

if a continued attractive force (f) act during the time t as abovementioned, instead 
of the instantaneous percussive force at a, according to the doctrine of fluxions 
we must, insteadof w, take », or its equal f/, and x instead of x, in the expres- 
sion -; therefore, in this case we have “ = . c — jr. Whence, put- 

ting z for the arc (a a', or a a", &c.) whose sine is x, and writing z for its equal 
-jjprz ,») » we get ^ = c, or z = Hence, v denoting the velocity with 
which the momentary pole (a, a", &c.) changes its place, during ihe action of the 
accelerative force f, we have z = vt = and consequently v — 

4. Hie value of v may also be determined in the following manner (fig. 15). 
Conceive a very thin string, without weight, to have one of its ends fastened 
to a fixed point /, and the other to a heavy particle of matter m\ also conceive 
such partide so to revolve with the vdocity e, about the line In, that a certain 
Accelerative force f (like that of gravity referred to a certain direction) con- 
tinually acting on the said partide m, in a direction at right angles both to the 
string /«»,‘and to the tangent to the curve in which m is moving^ the string 
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shall describe a conical surface. Then Im being denoted by r, and mo, per- 
pendicular to In, by q ; -, the centrifugal force urging m in the direction om, 

will be to f, as r to V (r* — q 1 ) — lo. Therefore f must be = 

Now while m is so revolving, if the force f ceases acting, the said particle m 

will, it is obvious, immediately proceed to describe a great circle of the sphere 

whose radius is r and centre /, of which great circle one of the poles will be 

situated in a lesser circle parallel to, and 90° distant from, that described by m 

during such action of the said force; which pole, during such action, will change 

its place in the said lesser circle in which it will at any time be found, vtith a 

velocity v, which will be to e, as (s) the radius of the last-mentioned circle, to 

q. But s will be = y^r 9 •— q 9 ) ; therefore we have v:e:: y^r 2 — q 9 ) : q, and 

V(r — g _) _ Z' Consequently f =5 c v '^~ - - will be s 2 - x ^ = 2 ., and v 

rr 

— “ • 
e 

Let now m be a point on the surface of a sphere whose centre is l, and radius 
lm — r\ and let the sphere revolve about an axis so that m shall describe a great 
circle with the velocity e. If then such a motive force begins' to act on the 
sphere, that, continuing its actioq, the point m shall always be urged by the 
invariable accelerative force f, to move in a direction at right angles to the ray 
lm , and to the tangent to the curve whieh m will describe; that point it is 
obvious will, in consequence of the action of that force, describe a lesser circle 
of the same radius (9) as that described by the particle m, when fastened to a 
string, and acted on by the force f as abovementioned; and the centre of the 
sphere being always considered as at rest, one of the momentary poles of the 
sphere will describe a circle whose radius will be = y/{r 3 — q 1 ) parallel to, and 
9O 0 distant from, that described by the point m. For if the said force were to 
cease acting, that point of the sphere would describe a great circle, as would the 
particle m at the string in the like case; and therefore both the said particle and 
the point m of the sphere, at every instant having the same tendency, and being 
acted on by equal accelerative forces, the effect will be the same with respect to 
the motion of each. Consequently, v being put to denote the velocity with 
which the momentary pole changes its place, in the circle which it will describe 
while the motive farce producing the aocelerative- force f acts on tn as just now 
mentioned, v will be = — , the same as in the preceding article, e here de- 
noting that velocity which we there denoted by c. 

5 . Referring the point of action of the perfurbating force to the midcircle, 
we have not hitherto considered that point as varied with a greater or less velo- 
city than (e) that of the point m\ that is, with reference to such circle we have 
always considered the point m as the point of action. But it is obvious that, 
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caeteris paribus, the point of action with respect to the mid-circle (which point 
we will now denote by (9) may be varied with a velocity greater or less than e~ r 
and that, caeteris paribus, the velocity (v) of the momentary pole will be the 
same, with what velocity soever (q) the point of action of the force f be varied; 
the direction in which that force acts being always at right angles to the ray (lq) 
from the centre of the sphere, and to the tangent to the curve described by (q) 
such point of action. 

Yet, though v continues the same whether, caeteris paribus, (u) the velocity 
of the point q be greater, equal to, or less than e, the immoveable circle in 
which the momentary pole will be found will not continue the same; that circle 
being greater, equal to, or less than the circle whose radius is — q*)> 
according as u is less, equal to, or greater than e; as will be made more evident 
by what follow: 

6 . In fig. 16, let //, in the great circle np'aq t, be one of the poles of the 
axis about which the sphere rstv, whose radius is r, is revolving, according to 
the letters vq's, with the angular velocity e, measured at the distance r from 
the axis; and while it is so revolving let the said pole be urged to turn about a 
diameter of the mid-circle v^'s towards q', by an accelerative force f; and let 
such force continue to act on the successive new poles p", p ", &c. as they 
become such, always urging the sphere to turn about a diameter of the contem- 
porary mid-circle, while the direction in which such perturbating force acts is 
regulated in the following manner: 

Conceive the said revolving sphere to be surrounded by an immoveable concave 
sphere of the same radius r. Then the momentary pole (/>', p", p"\ Sec,) will 
always be' found in some curve pVV" &c. in the said concave sphere, and in 
some curve p'p"p"' Se c. on the revolving sphere; which last mentioned curve will 
continually touch and roll along the other curve pVV" &c. on the immoveable 
sphere, the force f and the direction in which it acts varying in any manner 
whatever. Let f be invariable; then it is obvious, that the 2 curves so touching 
each other will be circles; and if great circles p 'q', v"q", p'"g", Sec. be described 
on the surface of the immoveable sphere whose planes shall be at right angles to 
the plane of the circle pVV" &c. the points q'q"q'" See. in it, each 90° distant 
from p'p'V" Sec. respectively, will be in a circle (q'q'q" &c.) parallel to the said 
circle p p 'p"' Sec. Now as a regulation to the direction in which the force f 
shall urge the momentary pole, let that direction be always a tangent to the 
great circle so passing through that pole and the correspondent point q', q ", or 
q", Sec. while the arcs q'q", q'q", Sec. are to the arcs p'p", pV", &c. respectively 
in the constant ratio of u to v. 

The direction in which the force f acts being so regulated, it is obvious that 

the radius of the circle pVV" &c. being denoted by h , the radius of the circle 
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&c. will be as v / ( r * ~ A*), the distance of these parallel circles being 90°. 
Therefore their peripheries being as the velocities (v and u) with which they are 
described, their radii A and V (r 2 — A 9 ) will be in the ratio of the said velocities; 

that is v : u :: A ; •/ (r 2 — A 9 ) ; whence, jj being = A, the radius of the 

circle p'p'V" &c. is found = 


VK + v«) 


dius of the circle qq'‘q” &e. = 


— ; and •/ (r* — A 9 ) the ra- 

= — THS. i»W"g = 7- the ' ,e - 

v(* + TV 


e*tr 


locity with which the momentary pole p", p", &c. changes its place. Conse- 
quently, if pr' be an arc in the said immoveable concave sphere whose sine is 

ttt x = ““ tt» the great circles oV, o"p", {"V", &c. will intersect 

V(m‘ + V*) ... , «H»*» ® 7 7 7 

„ V 

each other at the point r. 

7. Further, the force' f being invariable, and acting as expressed in the pre- 
ceding article, the primitive pole p' and the momentary poles p 0 ,p'", &c. will all 
be found in a circle p'p"p'" &c. described on the surfacCof the revolving sphere, 
as observed in that article; which circle, during the action of the force of f, will 
(as is also observed in the said article) always touch and roll along the 
immoveable, circle (p'p'V" &c.) whose radius we have just now found = 

— > • — ; the point of contact being always the momentary pole. 

V(i + 


rv 


a '(“* + ®*) 


Let the >ine of the arc p'a of the great circle rp 'aq'r in the revolving sphere 
be equal to A, the radius of the said circle p'p"p'" &c.; then will the point o and 
its opposite point (o) in the surface of the said sphere, during the action of the 
forge f, describe circles in the surrounding immoveable concave sphere parallel 
‘ to (p'pV" &c.) the circle described by the momentary pole p", p"', &c. in the 
same concave sphere. And such point a and its opposite point (o) being conti- 
nually urged by the force f in directions at right angles to the tangents to the 
arcs they describe, their velocity will continue the same as before the action of 
the said force commenced; which velocity, and the radius of the said circle 
PP“P" & c * will be determined by the following computation. 

That radius being denoted by A, we have r : h :: e : the velocity of the point 

a before the action of the force f commenced, and A : t; :: k : -y, the velocity of 
the same point (a) during the action of that force, k being put for the sine of 
the arc aR; therefore, the velocity of a continuing the same during the action 

of f as before, we have — = But k is the sine of the sum of the arcs rp 7 , 

r h 

p'a, whose sines are A and A respectively; therefore ~ — — will 
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be = k; and by substitution we get 

± = + *»y( r irJL> = 4 * being 3 ; by the 

preceding article. Hence we find h = 


ro 


and it follows that 


tk 

(= -) will be equal to the ve- 


■ 1 . . 7\ 9 OIJU ll> IWUWIIU VIIUI. 77 x , nv 

V(<-«)* + f) - u ) 1 + t> 4 ) 

locity of the point a, and also of its opposite point (o) in the surface of the 
sphere.' It also follows, that k, the radius of each of the circles described by 
those points, during the action of the force f, will be equal to 

rev 

V(u a + *>*) x -✓(« — #)* + »*)’ 

By what is done it appears, that during the action of the force f, the motion 

of the revolving sphere will be regulated by the circle p'p'p'" &e. on it (whose 
ro r 


radius is 


<✓(« - «)* + «*) 


V(i + 


— -)J continually touching and rolling along 


r»r* 


the immoveable circle p'p'p'" &c. (whose radius is - ™ ,, = - — — so 

V(u+V) V(i + * 7 p) 

that the velocity of the.point of contact be = v — . Considering the point 

a as always urged from the points p', p # , v"', &c. and consequently its opposite 
point (o) towards those points, it is necessary to observe, that according as u is 
less or greater than e, the arc p'a (whose sine is ^77^7^*)) be less or 

greater than 9O 0 ; and the point (o) opposite to a, on the surface of the sphere, 
will accordingly be at a greater or less distance than 90° from 

If u be negative, the arc p'b whose sine is — will be greater than 90°. 

8. The motion of the sphere, according to the regulation in the preceding 
article, is one motion compounded of the primitive motion of the sphere and the 
motion generatedhy the action of the force p. But conceiving the 

velocity of the point a, to arise from an impulse given to it while the sphere 
revolved about an axis of which o was an immoveable pole before such impulse, 
and about which the mid-circle corresponding to that primitive axis revolved with 
the angular velocity »* and considering that the force f, continu- 

ally acting at right angles, to the momentary direction of the point o and to the 
plane of the said mid-circle, only serves to alter the position of the said primitive 
axis; we may, by the help of what is done above, explain the motion which the 
sphere will have, during the action of the force f, so as to retain in our ideas 
the two primitive motions (one about the axis ao, and the other about a dia 
meter at right angles to that axis) as remaining distinct and unaltered. 


• Denoting this by c, and the velocity of q by d, >/(c l + d») is ss t, agreeable to art. 1.— Orig. 
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In fig. 1 7, let ed be a great circle on the revolving sphere, of which a is a 
pole, arid let a smaller circle dl parallel to (mq) that which we have found will 
be described by the point a, be drawn on the immoveable concave sphere, so as 
fo touch that great circle in the point (d) where the great circle qp'r cuts it; the 

radius of which lesser circle will be (= v /(r 9 - x s ) =) 

Then the revolving sphere, during the action of the force f, will so move, that 
the first mentioned great circle (ed) shall continually touch and roll along the 
said lesser circle dl, the velocity of the point of contact (along that circle) being 
sx v ]~ - u -c— u \\ ,* and the sphere at the same time turning about the axis of 

which a is a pole with the primitive angular velocity — 

Thus the primitive motion about the axis of which a is a pole is preserved 

distinct, while that pole proceeds describing a circle, whose radius is 

„ > . - rr— 77 tt T a , with the velocity — • — ^ which we supposed 

-✓(•* + v*) x <✓(«-*) + **) 7 »)*+ v*) rr 

given to it. 

It is observable, that the last mentioned velocity will, according to this regula- 
tion of the motion, be to the primitive angular velocity about the axis of which 
a is a pole, as v. to e — «, or as v to u — e, according as u is less or greater than 
e; that is, acoording.as the arc p'q is less or greater than QO°. 

9» From what has been said it follows, that denoting the two primitive angular 
velocities and P ,j ' (specified in Uie preceding article) by 

c and d respectively, the radius (fig. l6) of the circle j b'p"p m &c. (or sine of the 
arc p'o = p 'o, &c.) will be = — ; the radius of the circle p'p'Y" &c. (or sine of 

<Zr*T 

the arc p'r = p"m &c.) = 2cdrr + r * r *) : a S"* 1 circle P 388 ' 11 ^ trough 

the primitive poles o and a, on the revolving sphere, will turn from the position 
or« with the velocity 

-7 measured at the mid-circle, or with the velocity ^ — - — — ' mea- 

sured at the fixed point r ; whilst those poles describe, with the velocity d, circles ' 
parallel to p'p"p"' kc. the radius (k) of each of the circles (fig. 17) so described 
bd»g = -^——4-——-^ , the radius ✓(>* — it*) of the circle el will be 

= “ d lhe Vel0Cit y ,lon « said drde Dt 

w rp 

= c + : the upper or lower of the double signs taking place according as u 

* This is to the velocity of the point q as */(r % — k 1 ) to K} that is, as the radii of the arcs do- 

scribed.^-Orig. 
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(= e -f- is less or greater than e; that is, according as the arc pa (whose 

sine is = — ) is less or greater than 9O 0 . 

10. As an instance of the use of the preceding conclusions, Mr. L. applies 
them in the solution of a very interesting problem, which he had not before seen 
solved, viz. 

Suppose a given spheroid, while revolving uniformly about its proper axis, with 
a given angular velocity, to be suddenly urged by some percussive force to turn, 
with some given angular velocity, about a diameter of its equator ; it is proposed 
to explain the rotatory motion of the spheroid consequent to the impulse so received. 
— In fig. 18 , 19, let doeq be the spheroid, whose semi-axis co = cq is = b, 
and equatorial radius cd = ce = r; and supposing it before the impulse to re- 
volve about its proper axis oa with the angular velocity c, measured at the dis- 
tance r from the axis, let the poles (o and a) be suddenly urged by some percus- 
sive force to turn about a diajneter of the equator of the spheroid, with the an- 
gular velocity d, likewise measured at the distance r from that diameter. On 
receiving such impulse, the spheroid will take a new axis of motion, which will 
be a momentary one; suppose such new axis to be pew.* Then the particles of 
the spheroid being urged (or having a tendency) to turn about that axis with the 
angular velocity V (c* -f- (P), (which we will denote by e) their joint centrifugal 
force will so urge the spheroid to turn about that diameter of the equator which 
shall be at right angles to the momentary axis pc*, that the accelerative force of 
the point d of the equator to turn it about the said diameter according to the 
order of the letters doe, will (as appears bj what is proved in art. 1, and in the 

appendix following) be = — x ~ j l t or^- X j- x according as b is less or 

greater than r; and it follows from hence, and what is proved In art. 3 and 4 , 
that v, the angular velocity (at the distance r from c) with which the momentary 

pole p will change its place, will accordingly be = j X ~ b y x or j X 

Again, referring to our observation in art. 8, let u — e be to j X p-^y,(the 

value of v) as c to d, u being greater than e; or let e — u be to cd - X -~y , as 

e to d, u being less than e; whence, in both cases, we shall have the same ex- 
. c* r l — 

presssion (- X f°r the value of u — e; and consequently u, in both cases, 

will be = e + - X — Conceive now a spherical surface without matter, 

* To find the position of this axis see-art. 1, by which the sine of the angle ocp (to the radius r) 

is found =s — . 

e 
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having the same centre and radius as the equator de, to be carried about with 
the revolving spheroid ; and suppose a sphere, whose radius is r, to revolve about 

an axis pc* with the angular velocity e, and, while it is so revolving, let an ac- 
• r / \ i cd r* — cd b* — r* 

eelerative force (f) equal to - X — jp-j- or - x according as b is less or 

greater than r, urge the pole p, and the successive momentary poles as they be- * 
eome such, to turn about a diameter of the, contemporary mid circle in the 

manner expressed in art. 6, u being to v as e •+• 

c % r* — b l . cd r % — b % , c® r l — b x , cd ^ 6* — r* 

7 x to 7 x r 4 + 4** or 88 e 7 x FT 6* to 7 x F+l*’ 
according as 6 is less or greater than r. Then will the motion of the surface of 
this sphere be exactly the same as the motion of the said spherical surface carried 
about with the revolving spheroid after receiving the impulse of the percussive 
force. Therefore, having reference to our conclusions in the preceding articles, 
by substitution we readily obtain the solution to our problem. 

By substituting properly j X or ^ X f° r we find, 

d*r dr r 1 + 4* r x (erf + rr) 


V(rf*e* T iedrt + r*»*) 
2 r 5 


✓(4r 4 + (r 4 + 4 1 )* x - ) + 2cdrr + r4, ‘> 


1 v r? at w 

c 1 7 — ITTTt* 

V(*r‘ + (r* + 4 »)‘ x d +b 

c 

Which equations, respect being had to the conclusions in art. 8 and 9, indi- 
cate that, whether b be less or greater than r, if an immoveable circle dl, whose 


2r*c 


2r» 


-j lt be conceived to be described in a plane incli- 


radius is = 

V( 4r* + (r* + 4*)*x^) 
c* 

ned to the plane of the equator of the spheroid (before the impulse) in an angle 

whose sine (to the radius r) is as ^ X — — -r, so that the said cir- 

c + (r* + 4 *)* x ?) • 

cle touch the said equator in the point n in the section o/>dob ; the spheroid 
after the impulse will so revolve, that its equator will always touch and roll along 
the said immoveable circle (dl,) the velocity of the point of contact (along that 
circle) being == while the spheroid turns about its proper axis (00) with 

the primitive angular velocity c, and the poles o and a (by the said rolling of the 

equator) describe circles, whose radii are each = — X r —£Jl pa. 

c + (r* + 4 *)» X i) 

c % 

rallel to the said circle dl, with the angular velocity d (or their proper velocity 
y) which we supposed given to them by the impulse.* Thus the motion of 
the spheroid consequent to the impulse appears to be remarkably regular. 

* Other ways of solving the problem are also suggested by the preceding articles.— Orig. 

VOL. XIV. X 
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And 'in the very same manner may be explained the motion of a cylinder, 
whose primitive motion about its proper axis may be disturbed by some percussive 
force, in like manner as we supposed the spheroid disturbed; only (instead of 
the former substitution for f) substituting for the accelerative force arising from 
the centrifugal force of the particles of the revolving cylinder its proper value 

x (computed in the Appendix) and afterwards proceeding as we have 

done with regard to the spheroid, b denoting half the length of the cylinder, 
and r the radius of any section at right angles to its proper axis. 

Seeing that X ~ ^ -) the expression for the said accelerative force res- 
pecting the cylinder vanishes when b is *= i?V3, it is manifest that the cylin- 
der in that case will (with respect to its own particles) undisturbedly revolve 
about any axis whatever passing through its centre of gravity, as will a sphere. 
Which remarkable property of that particular cylinder I believe has not before 
. been taken notice of. And there are also bodies of other forms having the like 
property. 

The preceding articles lead us to consider the motion of the earth’s axis in » 
light more clear and satisfactory than any in which it has before been considered ; 
but I must, for want of leisure, defer making the application till some future 
opportunity : only observing here, that by what is done above it appears, that 
jrom the action of the sun and moon on the earth, its axis has a diurnal motion 
which I have no where seen explained. Which motion is not much unlike that 
of the axis of the revolving spheroid just now considered, when (2b) this last 
mentioned axis is many times longer than (2 r) the equatorial diameter of the 
aaid spheroid, and ^ very small. 

Appendix. — Showing how the joint centrifugal force of the particles of a sphe- 
roid or cylinder , having a rotatory motion about any momentary axis , is computed. 
— 1. In fig. 20, let p be a particle of matter firmly connected with the plane 
doefog, in which the line ocq is situated ; and pq being a perpendicular from 
p to the said plane, let the distance pq be denoted by u ; also, the line ql being 
at right angles to o lea, let the distance pi be denoted by h. Then the said' 
plane with the particle p being made to revolve about o/co as an axis, with the 
angular velocity e measured at the distance a from the said axis, the velocity of 
p will be == and Us centrifugal force from / will (by a well known theorem).- 

be = — to make it a a the expression being ^ x p. Whence, by resolving -that 
force into 2 others, one in the direction qp, and the other in a direction parallel 
to lq, it appears that the force urging p from the plane doefqg, will be = 
^ X py let the distance lq be what it will. 

2. The particle p ’being connected with the plane doefog as mentioned in 
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, the preceding article, and the distance cl being denoted by v ; if p be urged di- 
rectly from thetsaid plane by a force fu X p, the efficacy of that force to turn 
the said plane about the line hci, drawn in it at right angles to oca, will (by 
the property of the lever) be equivalent to the force ^ * p , acting on the said 
line oca at right angles to the said plane at the distance g from the point c. It 
is also obvious that, caeteris paribus, the efficacy will be the same let the distance 
of q from / be what it will. 

In fig. 21, let q coincide with / ; and let ckbea line in the plane c Ip continued 
(which plane will be at right angles to the plane doefog ;) also, pk being at 
right angles to c k, let those lines pk and c k be denoted by tv and x respectively. 
Than the sine and cosine of the angle kco to the radius i, being respectively 
denoted by m and n, the force ~' fe P -- x f will be = X (mn X (tv* — x 1 ) + 
(j»* — n 9 ) X tvx.) Consequently, if each particle of any solid body, through 
which a line hci and a plain dobifogh may be conceived to pass, be urged from 
that plane by a force expressed by JuX p as above ; the force which, acting on 
the line- oca at the distance g from c, would be equivalent to the efficacy of all 
the forces acting on the several particles of that body to turn the same about the 
line Hpi, will be obtained by computing the sum of all the forces'^- x (mn X 
(«,* - * 9 ) + (»* - «’) X tvx) acting on the said body. 

The computation of such equivalent force will in most cases be abridged by 
observing that, if pk be continued to p\ so tha( kp 0 be = kp, the efficacy of 
the force on the particle p", to turn the body about the line hci in opposition to 
the force on the particle p, will' he represented by the equivalent force 
X (mn X (x 9 — tv 9 ) •+■ (m* — n 9 ) X tvx) acting oh the line oca at the dis- 
tance q from c ; and that therefore the efficacy of the two forces on p and p", 
to turn the body about hci, will be represented by the equivalent fqrce - ^ x p x 

mn X (tv* — x 9 ) acting on the line oca, at right angles to the plane dobifogh, 
at the distance g from c. 

3. In fig. 22, 23, if the body be a cylinder, a spheroid, or the like, and its 
proper axis be situated in the line c h, the ordinates corresponding to the abscissae 
ip, kp ", in the circular section hi whose centre is k, will each be parallel to that 
diameter passing through c, about which the body will be urged to turn ; and 
each of those ordinates will be = — tv 9 ), y being the radius of such sec- 

tion. Therefore, writing 2V(y 1 — tv 9 ) instead of p, it follows that X mntf 

X (~ — afy 9 ), the whole fluent of 4 ^ x ~ w ) ^ mnx ' ^ X u, 

generated while «v (= kp = kp 0 ) from o becomes equal to the radius y (both x 
and y being considered as invariable:) will express the value of the force which, 

x 2 


Digitized by 


Goc e 





156 PHILOSOPHICAL TRANSACTIONS. [ANNO 1777'. 

acting on the line oca at the distance g from c, would be equivalent to the 
force of all the particles in the said section, whose thickness' is denoted by the 
indefinitely small quantity x ; the distance c h being denoted by x, and a being 
put for (.78539) the area of a quadrant of a circle whose radius is 1. 

4. Fig. 22, in the cylinder whose length is 2b and diameter 2 r ; y being = r, 
ir 4 — x 3 y 2 will be = r* X (+r 2 — x 3 ) : consequently the fluent of (^r* — a?) 
X i’, generated while a? from o becomes = b, being ±br* — ±b 3 , we have 

X mn X X (3 r* — 4b 3 ) X m for the force which, acting 

as above at the distance g from (c) the centre of gravity of the cylinder, would 
be equivalent to the efficacy of the forces acting as above on all the particles of 
the cylinder to turn it about a diameter passing through c, m being the mass or 
content of the cylinder. 

5. Fig. 23, in the spheroid whose proper axis is 2b and equatorial diameter 

2r, y a being = £ (b 3 -* a ), *y 4 - «y will be = r 4 X ( £ - ^ - ** + 

p ) : consequently the fluent of ^ — r -~ + — ? — x a .r + generated 

while x from o becomes = b, being - 7 —^ + ^ — r + r = - X (r®£— 

£*), we have x mn X (r 3 b — b 3 ) X (r* — b*) X s for the force which, 
acting at the distance g from c the centre of the spheroid, would be equivalent 
to the efficacy of the forces acting as above on all the particles of the spheroid 
to turn it about a diameter of its equator, s being the mass or content of the 
spheroid. — These equivalent forces are distinguished by the name of motive 
forces ; the correspondent accelerative forces are computed in the following 
articles. 

6. Fig. 24, the body being a spheroid whose centre is c, and whose proper 
axis pn is = 2b, and equatorial diameter ab = 2r ; let f be the accelerative 
force of a particle at the distance g from the axis about which the body is urged 
to turn, which axis is supposed to be a diameter of its equator. Denote ck by 
Xi hi byy ; and let the abscissa ho and its correspondent ordinate (parallel to the 
last mentioned axis) in, the circle whose radius is hi, be denoted by s and t res- 
pectively. Then, considering the body as urged to turn about that diameter of 
its equator which is at right angles to ab, the accelerative force of evety particle 
in the said ordinate will be = — + - - X f, and the motive force of all the 

particles in the same ordinate will be = X f ts = — X f/ y'Cy 8 

— s 3 ) ; to which (by the property of the lever) a motive force = x 

vs V (y a — «*), acting at the distance g from the centre at right angles to a ray 

from it, would be equivalent. Therefore^ considering x andy as invariable, and 
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* only as variable, ^ x the whole fluent of * */ (y 1 — r 9 ) X (** + ®*) will de- 
note a force which, acting at the distance g from c, would be equivalent to the 
motive force of all the particles in the section hi whose radius is hi and thickness 

aK. Which fluent is == Ay 4 X (r 9 + *-) = p- X (b 1 — a?) X (* 3 + ^ X (A 9 
— x 9 )). Consequently X the whole fluent of x X (6* — a 9 ) X (a 9 + 

^ X (fi 9 — a*)) will denote a motive force which, acting at the distance g from 
c at right angles to a ray from it, would be equivalent to the whole motive force 
urging the spheroid to turn as above mentioned. Such equivalent force will 
therefore be s= X (r 4 b + r 9 #*) = X (r 9 + b a ) X s; and this being put 

ss "i— x (»■* — b*) X s (the value of the same force , found in art. 5,) we find 

p == fgmn X i which will be = “• X its value 

computed in art. 1. 

Or p will be denoted by ^ X » if 1 be to e as m to d, and as n .to c ; 

and a and g be each = r. 

7 . Fig. 25, the body being a cylinder whose centre of gravity is in c, and 
whose proper axis pn is 2b, and diameter 2r ; the accelerative force (f) at the 

distance g from c, will in like manner be found = X ~ ; the cylin- 

der being considered as uiged to turn about a diameter passing through c. 

If i : e :: m : d :: n : c, and a and g be each = r, p will be =s 

ti Sr* - 4** 

7 X Sr* + 

XVI. Directions for making the Best Composition for the Metals of Reflecting 
Telescopes ; with a Description of the Process for Grinding , Polishing, and 
giving the Great Speculum the True Parabolic Curve.* By Mr. John Mudge. 
p. 296 . 

As the method of casting, grinding, and polishing the specula of reflecting 
telescopes, by Mess. Molyneux and Hadley, published in Dr. Smith’s Optics, is 
generally followed by, and well known to the workmen, I shall avoid a repetition 
of the general directions there given, and only remark on such parts of that 
process as I think are essentially defective, and supply them by a method of my 
own, which, from repeated trials, I have found completely to answer the pur- 
pose. After therefore referring to the above account for the manner of making 
the gages, patterns, the method of casting, as well as a great many other par- 
ticulars, I will begin with 

• 

* for this paper Mr. Madge wai hoooored with the Society’* prize gold medal. 
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The best composition for the specula of reflecting telescopes . — The perfection 
of the metal of which the speculum should be made, consists in its hardness, 
whiteness, and compactness ; for on these properties the reflective powers and 
durability of the speculum depend. And first of the hardness and whiteness of 
the metal. There are various compositions recommended in Smith’s Optics, all 
which have however their several defects. Three parts copper and one part and 
one-fourth of tin will make, he says, a very hard white metal ; but liable to be 
porous. This however is an imperfection which I shall presently show the 
method of preventing; but the permanent fault of it, and which I have myself 
experienced, is, that it is not hard enough. The speculum of a reflecting 
telescope ought to have the utmost possible hardness, compatible with its being 
operated on by the tool. 

It is to t?e observed, that the smallest quantity of tin added to melted copper 
destroys its perfect malleability, and at the same time produces a metal whiter 
and harder than copper. As the quantity of tin is increased, suppose to a 5th 
or 4th part, the metal becomes whiter, still harder, and consequently more 
friable. If the quantity of tin be further increased, as to a 3d of the whole 
composition, it will then have its utmost whiteness ; but at the same time will 
be rendered 60 exceedingly hard and brittle, that the finest washed emery on 
lead or brass will not cut it, without breaking up its surface ; and the common 
blue stones used in grinding the speculum will not touch it. Mr. Jackson, a 
mathematical instrument maker, and a most excellent workman, told me, that 
the tin was increased to the above proportion in his metals ; but that they were 
so exceedingly hard, that it cost him an infinite deal of pains, and a journey of 
200 miles, to find out a stone of sufficient hardness to cut it, and whose texture 
at the same time was fine enough not to injure its surface. I have seen several 
of his finished metals ; they were indeed perfectly hard and white ; but the kind 
of stone with which he ground them he kept a secret. 

After many experiments with various proportions of tin and copper, by gra- 
dually increasing the former, I at last found that 14-J- ounces of grain- tin to 2 lb. 
of good Swedish copper, made a beautiful white and very hard metal ; so hard 
indeed, that the stones would but barely cut it, and washed emery on brass or 
tin but just grind the surface without breaking it up; whereas the proportion of 
tin being increased by the addition of only another half ounce, the former in- 
convenience immediately took place. This therefore is the maximum in point of 
hardness. 

This composition, though complete in the former respects, was, as well as 
Dr. Smith’s, subject every now and then to be porous ; sometimes indeed I suc- 
ceeded in casting a single metal, or perhaps 2 or 3 without this imperfection ; at 
other times, and most frequently indeed, they were attended with this defect, 
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without being St all able to form a probable conjecture at the cause of my suc- 
cess or disappointment The pores were so very small, that they were uot dis- 
coverable when the metal had received a good face and figure on the hones, nor 
till the last and highest polish had been given ; and then it frequently appeared 
as if dusted over with millions of microscopic pores, which were exceedingly 
prejudicial in 2 respects; for first, they became in time a lodgment for a mois- 
ture which tarnished the surface ; and 2dly, on polishing the speculum, the putty 
necessarily rounded off the edges of the pores, so as to spoil a great part of the 
metal, by the loss of as much light and sharpness in the image as there were 
defective points of reflection in the metal. Besides the trouble of a great num- 
ber of experiments, in order to get rid of this mischief, and to ascertain' the 
cause to which it was owing*, there was this additional inconvenience attending 
it, that the fault was not discovered, as before observed, till a great deal of 
trouble had been taken in grinding and even polishing the metal, the whole of v 

which was rendered useless by the mortifying discovery of this defect. 

I was extricated at last from this difficulty, and in some measure by accident. 
Having one day made a great number of experiments, and having melted down 
al the good copper I had or could procure ; though puzzled and fatigued, yet 
not caring to give it up, I recollected that I had some metal which was reserved 
out of curiosity, and was a part of one of the bells of St. Andrew's which had 
been re-cast. Expecting however very little from this gross and uncertain com- 
position, I was nevertheless determined to see what could be made of it by en- 
riching the composition with a little fresh tin. Accordingly casting a metal with *. 
it, it turned out perfectly free from pores, and in every respect as fine a metal as 
ever I saw. I could not at first conceive to what this success was owing ; b.ut at 
last I hit upon the real cause of that defect which had given me so much 
embarrassment and trouble, during a course of near 100 experiments, and in 
consequence fell upon a method which ever after prevented it. 

I had hitherto always melted the copper first, and. when it was sufficiently 
fused, I used to add the proportional quantity of tin ; and as soon as the two' 
were mixed, and the scoria taken off,, the metal was poured into the moulds. I 
began to consider that putty was calcined tin, and strongly suspected, that the 
excessive heat which the copper necessarily undergoes before fusion* was suf- 
ficient tb .educe part of the tin to this state of calcination, which therefore 
•might fly off from the composition, in the form of putty, at the time the metal 
was poured into the flasks. On this idea, after I hud furnished mySelf with some 
more Swedish copper and grain-tin, both which I had always before used, I 
melted the copper, and having added the tin as usual to it* cast the whole into 
an ingot; this was, as 1 expected, porous. I then melted it again, and as in' 
this mixed state it did not acquire half the heat which was before Necessary to 
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melt the copper alone, so it was not sufficient to calcine the tin ; the speculum 
was then perfectly close, and free from this fault ; nor did I ever after, in a 
single instance, meet with the abovementioned imperfection. 

All that is necessary therefore to be done, to procure a metal which shall be 
white, and as hard as it can be wrought, and also perfectly compact, is to melt 
2 lb. of Swedish copper, and when so melted, to add 14-}. 02 . of grain-tin to it ; 
then, having taken off the scoria, to cast it into an ingot. This metal must be 
a 2d time melted to cast the speculum ; but as it will fuse in this compound state 
with a small heat, and therefore will not calcine the tin into putty, it should be 
poured off as soon as it is melted, giving it no more heat than is absolutely 
necessary. It is to be observed however that the same metal, by frequent melt* 
ing, loses something of its hardness and whiteness : when this is the case, it 
becomes necessary to enrich the metal by the addition of a little tin, perhaps in 
the proportion of half an ounce to a pound. And indeed when the metal is first 
made, if instead of adding the 14-}- oz. of tin to the 2 lb. of melted copper, 
about one ounce of the tin were to be reserved and added to it in the'succeeding 
melting, before it is cast off into the moulds, the composition would be the 
more beautiful, and the grain of it much finer : this I know by experience to be 
the case. The best method for giving the melted metal a good surface is this : 
the moment before it is poured off, throw into the crucible a spoonful of char- 
coal dust ; immediately after which the metal must be stirred with a wooden 
spatula, and poured into the moulds. 

The metal being cast, there will be no occasion for the complicated apparatus 
directed by Dr. Smith, for grinding and polishing it. Four tools are all that are 
necessary, viz. the rough grinder to work off the rough face of the metal ; a 
brass convex grinder, on which the metal is to receive its spherical figure ; a 
bed of hones which is to perfect that figure, and to give the metal a fine smooth 
face ; and a concave tool or bruiser, with which both the brass grinder, and the 
hones are to be formed. A polisher may be considered as an additional tool ; 
but as the brass grinder is used for this purpose, and its pitchy surface is expe- 
ditiously and easily formed by the bruiser, the apparatus is therefore not enlarged. 

Of rough-grinding the speculum..— The tool by which the rough surface of the 
metal is rendered smooth and fit for the hones, is best made of lead, stiffened 
with about a 5th or 6th part of tin. This tool should be at least a 3d more in 
diameter than the metal to be ground ; and for one of any size, not less than 
an inch thick. It may be cemented on a block of wood, to raise it higher from 
4he bench. This leaden tool being cast, it must be fixed in the lathe, and turned 
-as true as it is possible, by the gage, to the figure of the intended speculum, 
making a hole or pit in the middle, as a lodgment for the emery, of about an 
inch diameter for a metal of 4 indies: when this is done, deep grooves must be 
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cut across its surface with a graver, in the manner represented in fig. 1 , pi. 2. 
These grooves will serve to lodge the emery; and enable the tool to cut a. great 
deal faster. There is no occasion to fear any alteration in the convexity of this 
tool by working the metal on it, for the emery will bed itself in the lead, and so 
far arm its surface, that it will preserve its figure and cut the metal very fast. 
Any kind of low handle, fixed on the back of the metal with soft cement, will 
be sufficient ; but it should cover two-thirds of its back to prevent its bending. 
This way of working will cut the metal faster, and with more truth, than the 
method described by Dr. Smith ; for should the surface and rough parts be at- 
tempted to be ground off by a common grind-stone by hand, though you did it 
as near the gage as possible, yet the metal would be so much out of truth when 
applied to the succeeding tool, that no time would be saved by it. I used to 
employ a common labourer for this purpose, who soon acquired such a dexterity 
at working on this tool, that in two hours time he would give a metal of 4 
inches diameter so good a face and figure, as even to fit it for the hones. When 
all the sand-holes and irregularities on the face of the metal are ground off, and 
the whole surface is smooth and regularly figured, the speculum is then ready 
for the brass grinder, and must be laid aside for the present. 

The manner of forming the brass-grinding tool . — The following is the method 
I have always pursued. Procure a round stout piece of Hamburgh brass, at 
most a 6th part larger than the metal to be polished; and let it be well ham- 
mered into a degree of convexity (by the assistance of the gage) suitable to the 
intended speculum. Having done this, scrape and clean the concave side so 
thoroughly, that it may be well tinned all over; then cast on it, after it has 
been pressed a proper depth into the sand, the former composition of tin and 
lead, in such quantity, that it may, for a speculum of 4 inches diameter, be at 
least an inch and a half thick, and with a base considerably broader than the 
top, that may stand firmly on the bench in the manner hereafter to be described. 
It must then be fixed and turned in the lathe with great care, and of such a 
convexity as exactly to suit the concave gage, which we suppose already made. 
It will be necessary to be more careful in forming this than the former tool, and 
especially that no rings be left from the turning; then the succeeding hone tool 
will not require so much exactness, as any defects in turning, will, by a method 
hereafter mentioned, be easily remedied; but any inequality or want of truth in 
the brass tool will occasion a great deal of trouble before it -can be ground out 
by the emery. This tool must have a hole, somewhat less than that in the 
metal to be worked on it, in the middle, quite through to the bottom. 
When this tool is finished off in the lathe, its diameter should be an 8th wider 
than the metal. 

How to form the bed of hones, or the third tool . — Having chosen the kind of 
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hones, and the best too of the sort recommended in Smith’s Optics; they should 
be cemented in small pieces, in a kind of pavement agreeably to his directions, 
on a thick round piece of marble, or metal made of lead and tin like the former 
composition (which is what I have always used) in such a manner, that the lines 
between the stones may run straight from one side to the other; so that, placing 
the teeth of a fine saw in each of these divisions, they may be cleared from one 
end to the other of the cement whiph rises between the stones. This bed of 
hones should be at least a 4th part larger than the metal to be ground on it. 
The surface of the metal on which the hone pavement is to be cemented may or 
may not, as you please, be turned of a convexity suitable to the gage, though I 
have never taken that trouble. As soon as the hones are cemented down, and 
the joints cleared by the saw, this tool must be fixed in the lathe, and turned 
as exactly true to the gage as possible; which done, it must be laid aside for the 
present. The next tool to be made is the bruiser. 

The manner of forming the bruiser , ike fourth and last tool . — This tool 
should be likewise made of thick stout brass, like the former, perfectly sound, 
about a quarter of an inch thick, and hammered as near to the gage as possible. 
It should be then scraped, cleaned, and tinned on the convex side, as the former 
tool was on the concave, and the same thickness of lead and tin cast on it. 
The general shape of this should differ from the former; for as that increased in 
diameter at the bottom for the sake of standing firmly, .so this should be only as 
broad at bottom as at top, as it is to be used occasionally in both those positions. 
When this tool is fixed in the lathe, and turned off concave to the convex gage 
with great truth also, its diameter ought to be the middle size between the hones 
and the polisher. Having with the lathe roughly formed the convex brass- 
grinder, the bed of hones, and the concave bruisers, the convex and concave 
brass tools and the metal must be wrought alternately and reciprocally on each 
Other with fine emery and water, so as to keep them as nearly to the same figure 
as possible, in order to which some washed emery must be procured. This is 
best done by putting it into a phial, which must be half filled with water and 
well shaken up, so that, as it subsides, the coarsest may foil to the bottom first, 
and the finest remain at the top: and whenever fresh emery is laid on the tools, 
the best method (which we should also observe with the putty in polishing) will 
be, to shake gently the bottle, and pour out a small quantity of the turbid 
mixture. 

Of grinding tke speculum, the brass tool, and the bruiser together. — All the 
tools being ready, on a firm post in the middle of a room, begin to grind the 
brass convex tool with the bruiser on it, working the latter crosswise, with 
strokes sometimes across its diameter, at others a little to the right and left, and 
always so short that the bruisers may not pass above half an inch within the surface 
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of the brass tool' either way, shifting the bruiser round its axis at about every 
half dozen strokes. Also every now and then shift your own position, by walk- 
ing round, and working at different sides of the brass tool; at times the strokes 
should be carried round and round, but not much over the tool: in short, they 
must be directed in such a way, and the whole grinding conducted in such a 
manner and with such equability, that every part of both tools may wear equally. 

This habit of grinding, as well as the future one of polishing, will be soon ' 
acquired. When you have wrought in this manner about a quarter of an hour 
with the bruiser on the tool, it will be then necessary to change them, and, 
placing the bruiser on its bottom, to work the convex tool on that in the same 
manner.- / 

■ When by working in this equable manner, alternately with the bruiser and 
tool, and occasionally adding fresh emery, you have nearly got out all the vestiges of 
the turning tool, and brought them both nearly to a figure, it will be then time 
to give the same form to the metal. This must be done by now and then grind- 
ing it on the brass tool with the same kind of emery, taking care however, by 
working the two former tools frequently together, to keep all 3 exactly in the 
same curve. The best kind of handle for the metal is made of lead, a little 
more than double its thickness, and somewhat less in diameter, of about 3 lb. 
weight, with a hole in the middle (for reasons to be shown hereafter) a little 
larger than that in the metal : this handle should be cemented on with pitch. The 
upper edge of this weight must be rounded off, that the fingers may not be hurt; 
and a groove, about the size of the little finger, be turned round just below it, 
for more conveniently holding and taking the metal off the tools. 

The manner of figuring the metal on the hones . — When the bruiser, brass 
tool, and metal are all brought to the same figure, and have all a true good 
surface, the next part of the process is to give a correct spherical figure, 
and a fine face to the metal on the hones. It will be necessary to premise 
hovever, that the hones should be placed in a vessel of water, with which 
they should be quite covered for at least ap hour before they are uded, other- 
wise they will be perpetually altering their figure when the metal comes to 
be ground on them. The same precaution is also necessary, if you are called 
off from the work while you are grinding the metal ; for if they be suffered to 
get dry, the same inconvenience will arise. 

In order to give a proper figure to the hones, and exactly suitable to that of 
the brass tool, bruiser, and metal, when the hones are fixed down to tne block, 
some common flour emery (unwashed) with a good deal of water, must be put 
on them, and the bruiser heing placed on the hones, and rubbed on tnem with a 
few strokes and a light hand, the inequalities of the stone will be quickly worn 
off; but as a great deal of mud will be suddenly generated, it must be washed 
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off every quarter of a minute with a great deal of water. By a repetition of 
this 2 or 3 times, the hones (being of a very soft and friable substance) will be 
cut down to the figure, without wearing or altering the bruiser at all. Though 
this business may be quickly done, and can be continued but for a few strokes at 
a time, I need not say that it is necessary that those strokes be carried in the 
same direction, and with the same care, which was observed in grinding the 
former tools together. As soon as the hones have received the general figure of 
the bruiser, and all the turning strokes are worn out from them, the emery 
must be carefully washed off; in order to which, it will be necessary to clear it 
from the joints with a brush under a stream of water. The bruiser and metal 
must also be cleared in the same manner, and with equal care, from any lurk- 
ing particles of emery. 

The hones being fixed down to the block, you now begin to work the bruiser 
on them with very cautious, regular, short strokes, forward and backward, to 
the right and left, turning the axis of the bruiser in the hand while you move 
round the hones, by shifting your position, and walking round the block. 
Indeed the whole now depends on a knack in working, which should be conducted 
nearly in the following manner. Having placed the bruiser on the centre of the 
hones, slide it in an equable manner forward and backward, with a stroke or two 
directly across the diameter, a little on one side, and so on the other; then 
shifting your position an 8th part round the block, and having turned the bruiser ' 
in your hand about as much, give it a stroke or two round and round, but not 
far over the edges of the hones, and then repeat the cross strokes as before: 
those round strokes (which ought not to be above 2 or 3 at most) are given every 
time you shift your own position and that of the metals, previous to the cross 
ones, in order to take out any stripes either in the hones or bruiser, which may 
be supposed to be occasioned, by the straight cross strokes. During, the time 
.of working, no mud must be suffered to collect on the hone, so as to destroy 
the perfect contact between the two tools; and therefore they must every now 
and then be washed clean by throwing some water on them. When by working 
in this manner all the emery strokes are ground off from the bruiser, and it 
has acquired a good figure and clean surface, you may then begin with the metal 
on the hones, in the same cautious manner, washing off the mud as fast as it 
collects, though that will be much less now than when the bruiser was ground 
on them. Every now and then however the bruiser must be rubbed gently and 
lightly on the hones, which will as it were, by sharpening them and preventing 
too great smoothness, occasion them to cut the metal much faster. 

When, after having some time cautiously wrought in the manner before 
described, the hone-pavement has uniformly taken out all the emeiy strokes, 
and given a fine face and true figure to the metal, which will be pretty wett 
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known by the great equality there is in the feel while you are working, and by 
which an experienced workman will form a pretty certain judgment; having 
proceeded thus far, you may then try your metal, and judge of its figure by this 
more certain manner. Wash the hone-pavement quite clean; then put the 
metal on the centre of it, and give '2 or 3 light strokes round and round only, 
not carrying however the edges'of the metal much over the hones; this will take 
out the order of straight strokes: then having again washed the hones, and 
placed the speculum on their centre, with gentle pressure, slide it towards you 
till its edge be brought a little over that of the hones, then carry it quite across 
the diameter as far on the other side, and having given the metal a light stroke 
or two in this direction, take it off the tool. The metal being wiped quite dry, 
place it on a table at a little distance from a window; stand yourself as near the 
window, at some distance from the metal; and looking obliquely on its surface, 
turn it round its- axis, and you will see at every half turn the grain given by the* 
last cross strokes flash on your eye at once over the whole face of the metal. 
This is as certain a proof of a true spherical figure as the operose and difficult 
method described in Dr. Smith’s Optics; for as there is nothing soft or elastic, 
either in the metal or in the hones, this glare is a certain proof of a perfect 
contact in every part of the two surfaces; which there coulcf not be if the spheres 
were not both perfect and precisely the same. 

Indeed there is one accidental circumstance which necessarily affords its aid in 
this and every business of the like sort, and that is, that a concave and convex 
surface ground together, though ever so irregular at first, will (if the working 
be uniform and proper, consisting, especially at last, of cross strokes in every 
possible direction across the diameter) be formed into portions of true and equal 
spheres; had it not been for this lucky necessity, it would have been impossible 
to have produced that correctness which is essential in the speculum of a good 
reflecting telescope by any mechanic contrivance whatever. For when it is con- 
sidered, that the errors in reflection are 4 times as great as in refraction, and 
that the least defect in figure is magnified by the powers of the instrument, any 
thing short of perfection in the figure of ther speculum would be evidently per- 
ceived b^ a want of distinctness in the performance. It must however be 
observed that both in forming the tools and at last figuring the metal (and indeed 
the same must be observed in the future process of polishing) that no kind of 
pressure is used that may endanger the bending or irregularly grinding them ; 
they should therefore be held with a light hand, and loosely between the fingers, 
and the motion given should be in a horizontal direction, with no more pressure 
than their own dead weight. 

The polishing of the speculum is the most difficult and essential part of the 
whole process; for every experienced workman knows, to his vexation, that the 
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most trifling error here will be sufficient to spoil the figure of his metal, and 
render all his preceding caution useless. I have however discovered a method 
which I shall explain, not only of giving the metal a parabolic figure, but also 
of recovering it when it happens to be injured; both to be effected in the act of 
polishing, and the former as certainly as the spherical figure is given on the 
hones. Indeed, if we consider rightly, polishing will be perceived to be but a 
kind of grinding with a finer order of strokes, and with a power infinitely finer 
than was before used in what is commonly called the grinding. But before 
describing this method, which was the result of many years experience, I will 
take the liberty of making some fow strictures on that of Messrs. Hadley and 
Molyneux, which is followed by the generality of workmen. 

First, then, the tool itself used by them for polishing the .metal, is formed 
with infinite difficulty. The first described polisher is directed to be made by 
covering the tool with sarsenet, which is to be saturated with a solution of pitch 
in spirit of wine, by successive applications of it with a brush, till it is coveted, 
and by the evaporation of the spirit of wine filled with this extract of pitch; the 
surface is then to be worked down and finished with the bruiser. This is all very 
easy in imagination; but whoever has used this method (which I have myself 
unsuccessfully several times) must have found it attended with infinite labour, 
and at last the business done in a very unsatisfactory manner; for the pitch by 
this process will be deprived of an essential part of its composition. The spirit 
of wine dissolves none but the resinous parts of its substance, which is hard and 
Untractable; and if you use soap or spirit of wine to soften or dissolve it, it will 
equally affect the whole surface, the lower as well as higher parts of it. And 
suppose that with infinite labour with the bruiser, it is at last reduced to a fine 
uniform surface, it is nevertheless too hard ever to give a good polish with that 
lustre which is always seen in Mr. Short’s, and indeed all other good metals. 
Nor will it give a good spherical figure; for a perfect sphere is formed, as before 
observed, by that intimate accommodation arising from the wear and yielding of 
both tool and metal; whereas in this method, there is such a stubbornness in the 
polisher, that the figure of the metal, good or bad, must depend on the truth 
of the former, which is very seldom perfect. 

If the polisher be made in the 2d manner proposed, by straining the pitch 
through an outer covering, which is afterwards to be stripped off, the superficies 
of pitch and sarsenet is so very thin, that the putty, working into them, forms 
a surface hard and untractable, so that it is impossible to give the speculum a fine 
polish. Accordingly all those metals which are wrought that way have an order 
of scratches instead of polish, discovering itself by a greyish visible surface* 
Besides, supposing this tool perfectly finished, and answering its purpose ever so 
well, it is possible it can produce in the speculum any other than a spherical 
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figure; and indeed nothing else is expected from this method, as very evidently 
appears by the experiment recommended to ascertain the truth of the figure. 
You are directed to place a small luminous object in the centre of the sphere of 
which the metal is a segment, and then having adjusted an eye-glass at the , 
distance of its own focal length from the object, and so situated that the image 
of the object formed by the speculum may be visible to the eye, you are to judge 
of the perfect figure of the metal by the sharpness and distinctness with which 
the image appears. Hence it is very evident, that as the object aiid image are 
both distant from the metal by exactly its. radius, nothing but a true spherical 
figure of the speculum can produce a sharp distinct image; and that the image 
could not be distinct if the figure of the speculum were parabolic. Con- 
sequently, if the same speculum used in a telescope were to receive parallel rays, 
there would neceesarily be a considerable aberration produced, and a consequent 
imperfection in the image. Accordingly, there never was a good telescope made 
in this manner; for if the number of degrees, or the portion of the sphere of 
which the great metal is a part, were as considerable as it ought to be, or as 
great as Mr. Short allowed in his metal, the instrument would bear but a very 
low charge, unless a great part of the circumference of the metal were cut off 
by an aperture, and the ill effects of the aberration by that means in some 
measure prevented. If ever a finished metal turned out without this - defect, 
and has been found perfectly sharp and distinct, it must have been owing to an 
accidental parabolic tendency, no ways the natural result of the process, and 
therefore quite unexpected, and most probably unknown, to the workman. 

Having made many efforts in the former method, which by no means pleased 
me for the reasons abovementioned; and having observed, from some of 
Mr. Short’s telescopes which fell into my hands, that the high lustre of the 
polish could never have been produced in the manner above described, but by 
some softer and more tender substance; and at the same time recollecting that 
Sir Isaac Newton had given an account in his Optics of his having finished 
some metals, and considerably mended the object-glass of a refractor, by work- 
ing both on a tool whose surface had been covered with common pitch about 
the thickness of a groat; reflecting on these matters, coarse and uncertain as 
this method appeared at first sight, I was determined to try whether I could not 
get rid of my embarrassment, by a mode of operation somewhat similar. 
Accordingly, shortening Dr. Smith’s process, I made a set of tools in the 
manner before described, except that I was obliged to make some subsequent 
alteration in the polisher which I shall presently describe. Having given a good 
spherical figure to the brass tool and the bruiser, as well as to the metal on the 
hones, and made the brass convex tools so hot as just not to hurt the finger, I 
tied a lump of common pitch (which should be neither too hard nor too soft) in 
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a rag, and holding it in a pair of tongs over a still fire where there was no rising 
dust, till it was ready to strain through the linen, I caused it to drop on the 
several parts of the convex tool, till I supposed it would cover the whole surface 
about double the thickness of a shilling; then spreading the pitch as equally as 
I could, I suffered the polisher (by which name I shall for the future call this 
tool) to grow quite cold. I then wanned the bruiser so hot as almost to burn 
my fingers, and having fixed it to the bench with its face upwards, I suddenly 
placed the polisher on it, and quickly slid it off; by this means rendering the 
surface of the pitch more equal. The pitch is then to be wiped off from the 
bruiser with a little tow; and by touching the surface with a tallow candle, and 
wiping it a 2d, time, it will be then perfectly clean and fit for a 2d process of the 
same sort, which must again be performed as quickly as possible; and this is 
ordinarily sufficient to give a general figure to the surface of the pitch. 
The bruiser and polisher are then suffered to get perfectly cold, when the pitch, 
considering what has been taken off, will be about the thickness of a shilling. 

It is however here necessary to observe, that the pitch should be neither very 
hard and resinous, nor too soft; if the former, it will be so untractable as not 
to work kindly; and if too soft, it will in working alter its figure faster than the 
metal, and too readily fit itself to the irregularity of its figure, if it have any. 
When both tools were perfectly cold, I gave the polisher a gentle warmth, and 
then fixed the bruiser to the block with its face upwards; and (having with a 
large camel’s-hair brush spread over the face of the polisher a little water and 
soap, to prevent sticking) with short, straight, and round strokes I worked it 
on the bruiser, every now and then adding a little more water and soap, till the 
pitch on the polisher had a fine surface, and the true form of the bruiser; and 
this I continued to do till they both got perfectly cold together: in this manner 
the polisher was perfectly formed in about a quarter of an hour. But here a 
difficulty arose: when I began to polish the metal, I found that the edge of the 
hole in the metal collected the pitch towards the middle of the polisher; and 
though in this method of working I could give an exquisite polish, as the putty 
lodged itself in the pitch exceedingly well, yet the figure of the metal was 
injured in the middle, nor did indeed the work go on with that equability which 
is the inseparable attendant on a good figure. In order ttt obviate this difficulty, 
I cast some metals with a continued face, the holes not going quite through, 
within perhaps the thickness of a six-pence. I finished 2 or 3 metals of this 
sort, and the work promised and went on very well ; but when I came to open 
the holes, which I did with the utmost caution, I found the metals short of 
perfection; which I attributed to an alteration of the figure from the removal of 
even that small portion of metal after the speculum had been finished. Thi6 I 
suppose was in some measure the reason why I spoiled a very distinct and perfect 
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2 foot meta], which bore a charge of 200 times, only by opening the sharp part 
of the edge of the hole, because I thought it bounded the held: so essentially 
necessary is an exquisite correctness of figure in the speculum of a perfect 
reflector. 

This experiment not succeeding, instead of casting the metal without a hole, 
1 made one quite through the middle of the polisher, a little less than that in 
the speculum. This perfectly answered the purpose; no more inconvenience 
arose from the gathering of the pitch, for it had now no greater tendency to 
collect at the centre than the sides; and 1 finished several metals successively, 
excellent both in point of figure and polish; one of those of 2 inches diameter 
and 7.5 focal length, bore a charge of 60 times, and upwards. This telescope 
underwent Mr. Short’s examination, who was pleased to remark only, that he 
thought he had made one more distinct. 

I must observe that, in this method of. working, the polishing goes on in an 
agreeable, uniform, and smooth manner; and that the small degree of yielding 
in the pitch, which is actually not more than the wearing of the metal, pro- 
duces that mutual accommodation of surfaces so necessary to a true figure. In 
the beginning of the polish, and indeed for some time during the progress of it, 
always remembering now and then to move the metal round its axis, I worked 
round and round, uot far from and always equally distant from the centre, 
except that every time, previous to the shifting the metal on its axis, I used a 
cross stroke or two; and when the polish was nearly completed, I mostly used 
cross strokes, giving a round stroke or two likewise every time I turned the 
metal on its axis. I observed in this method of working, that the metal always 
polished fastest in the middle; insomuch, that half or -J- of it would be com- 
pletely polished when its circumference was scarcely touched by the tool. 
Observing this in some of the first metals, and not considering that this way of’ 
polishing was in fact a species of grinding, 6nd as perfect as that on the hones, 
I went on reluctantly with the work, almost despairing of being able to produce 
a good figure. However I always found myself agreeably deceived; for when 
the polish was extended to the edge, or within the 10th of an inch of it, I 
almost constantly found the figure good, and the performance of the metal very, 
distinct. But this same circumstance of apparent defect in the metals, was in 
feet that to which their perfection was owing; for they all, contrary to expecta- 
tion, turned out parabolic. However I did not for a great while know any 
oertain way of giving that degree of parabolic tendency which was just necessary, 
and which, will be described hereafter. It was a long time before I got rid of 
my prejudice against this apparent imperfection in the process, or could recon- 
cile myself to the irregular manner in which the polish proceeded; for I con- 
sidered it as a certain source of error, and though I saw it eventually succeed, 

VOL. xiv. Z 



Digitized by 


Google 



i;o 


PHILOSOPHICAL T-BANSACTIOKS. 


[akAo 1^77i 

y 

yet whenever I; chanced to find that a metal, when first applied to the polisher, 
took the polish equally all over, and consequently the whole business did not 
take up above 10 minutes; under those circumstances, I always used to please 
myself with the expectation of a correct figure, at least as much so as the metal 
bad received from the hones, where the surface was but just and equally taken 
off by the putty; but in this I constantly found myself deceived, and the metal 
turned out good for nothing. In short, at this time, though I speculatively 
knew that a parabolic figure was necessary to a perfect image, I yet considered 
it as of little practical consequence. 

From the foregoing experiments, and a number of succeeding trials, I at 
length discovered a certain way of giving a correct parabolic figure, and an 
exquisite polish at the same time. This, which I have strong reasons to believe 
was Mr. Short’s method, I will now describe in as few words as I can. 

How to polish the speculum . — It is first, neoessary to observe that, in order to 
avoid the detrimental intrusions of any particles of emery, it would not be right 
to polish in the same room where the metal and tools were ground, nor in the 
same clothes which were worn in the former prooess ; at least it would be neces- 
sary to keep the bench quite wet, to prevent any dust from risings Having then 
made the polisher, by coating the brass convex tool equally with pitch, which we 
suppose smoothed and finished with the brass tool in the manner before descri- 
bed, and which is a very easy process, the whole operation is begun and finished 
in the following manner. The leaden, weight or handle on the back of'- the- 
metal should be divided into 8 . parts, by so many deep strokes of a graver- on the 
upper surface of the lead, marking each stroke with the numbers 1 , ' 2 ; 3 , 4 ; and 
so on, that the turns of the metal in the hand may be known to be uniform and 
regular. To prevent any. mischief from coarse particles of putty, I always wash 
it immediately before using. In order to this, put about half an ounce of putty 
into an ounce phial, and fill .it - 5 - with water ; then having shaken the whole, let 
the putty subside, and stop the bottle with a cork. In a tea-cup with a little 
water, there should be a full-sized camel’s hair brush, and a piece of dry clean 
soap in a galley-pot : a soft piece of sponge will also be necessary. These, as 
well as the metal bruiser and polisher, should be constantly covered from dust. 

The polisher being fixed down, and the camel’s hair brush, being first wetted 
and rubbed a little over the soap, let every part of the tool be brushed over with 
it ; then work the bruiser with short, straight, and round strokes, lightly on 
the tool, and continue to do so, now and then turning it, till the polisher have 
a good face, and be fit for the metal. Then having shaken up the- putty in the 
phial, and touched the polisher in 5 or 6 places with the cork wetted with that 
and the water, place the bruiser on the tool, and give a few strokes on the 
putty, to rub down any gritty particles ; after which, having- removed it, work 
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the metal lightly on the polisher round and round, carrying the edges of the 
speculum however, not quite half an inch over the edge of the tool, and now 
and then with a cross stroke. 

The first putty, and indeed all the succeeding applications of it, should be 
wrought with a considerable while ; for if time be not given for the putty to bed 
itself in the pitch, and any quantity of it lie loose on the polisher, it will accu- 
mulate into knobs, which will injure the figure of the metal: and therefore as 
often as ever such knobs arise, they must be carefully scraped off with the 
point of a penknife, and the loose stuff taken away with the brush. After the 
putty is well wrought into the pitch, some more may be added in the same 
manner, but never much at a time, and -always remembering to work on it first 
with the bruiser, for fear any gritty particles may find their way on the polisher. 
If the bruiser be apt to stick, and do not slide smoothly on the pitch, the sur- 
face of either tool may be occasionally brushed over with the soap and water, but 
it must be remembered that the wet brush must be but lightly rubbed on the 
soap. 

In the beginning of this process little effect is produced, and the metal does 
not seem to polish fast, in sotne measure owing to its taking the polish in the 
middle, and perhaps because neither that nor the bruiser move evenly on the 
polisher : but a little perseverance will bring the whole into a good temper of 
Working ; and, when the pitch is Well defehded by the coating of the putty, the 
process will advance apace, and the former acquiring possibly some little warmth, 
the metal moves more agreeably over it; with a uniform and regular friction. 
All this while the metal must have no more pressure than that which it derives 
from its own weight and that of the handle ; and the polisher must never be 
suffered to get dry, but as often as it has any tendency to do so, the edges of it 
must be moistened with the hair pencil $ and now and then, even wlien fresh 
putty is not laid on, the surface of the polisher should be touched with the 
brush to keep it moist. , 

When the polish of the metal nearly reaches the edge (for it always, as before, 
said, begins in the middle) yob must alter the method of working ; for now the 
round strokes must be gradually altered for the short and straight ones. Sup- 
posing then you are just beginning to alter them ; after having put ou fresh 
putty, and gently rubbed it with 2 or 3 strokes of die bruiser, you place the 
ihetal on the tool, and after a stroke or tWo round and round,’ give it a few for- 
ward and backward, and from side to side, but with the edges very little over the 
tool ; then having turned the metal -f round in your hand/ and moVed yourself 
as much round the block (which must be remembered throughout the whole 
process) you go on again with a- stroke or two round, to lead you only to the 
cross' strokes, which- are how to be principally uded^- and with more boldness,-. 
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After this has been done some time, the metal will begin to move stiffly as the 
friction now increases, and the speculum polishes very beautifully and fast ; and 
the whole surface of the polishing tool will be equally covered over with a fine 
metallic bronze. The tool even now must not be suffered to become dry ; a 
single round stroke in each of your stations and turnings of the metal will be suf- 
ficient, and the rest must all be cross ones, for we are completing a circular 
figure. You must now be very diligent, for the polisher drying, and the friction 
increasing very fast, the business of the spherical figure is nearly at an end. As 
the metal wears much, its surface must be now and then cleaned, with a piece of 
shammy leather, from the black stuff which collects on it ; and the polisher 
likewise from the same matter, with a soft piece of wet sponge. You will now 
be able to judge of the perfect spherical figure of the metal and tool, when there 
is a perfect correspondence between the surfaces, by the fine equable feel there is 
in working, which is totally free from all jerks and inequalities. Having pro- 
ceeded thus far, you may put the last finishing to this figure of the metal by 
bold cross strokes, only 3 or 4 in the directions of each of the 8 diameters, turn- 
ing the metal at the same time : this must be done quickly, for it ought, in this 
part of the process particularly, to be remembered, that if you permit the tool 
to get quite dry, you will never be able, with all your force, to separate that and 
the metal, without destroying the polisher by heat. The metal has now a beau- 
tiful polish and a true spherical figure, but will by no means make a sharp distinct 
image in the telescope : for the speculum (if it be tried in the manner hereafter 
recommended) will not be found to make parallel rays converge without great 
aberration ; indeed the deviation will be so great, as to be very sensibly per- 
ceived by a great indistinctness in the image. 

How to give the parabolic figure to the metal . — In order then to give the 
speculum the last and finishing figure, which is done by a few strokes, it must be 
particularly remarked, that by working the metal round and round, the sphere 
of the polisher by this means becoming less, it wears fastest in the middle : and 
as a segment of a sphere may become parabolic, by opening the extremes 
gradually from within outwards, so it may be equally well done by increasing the 
curvature in the middle, in a certain ratio, from without inwards. Supposing 
then the metal to be now truly spherical, stop the hole in the polisher by forcing 
a cork into it underneath, about an inch, so that it do not reach quite to the sur- 
face ; and having washed off any mud that may be on the surface of the tool 
with a wet soft piece of sponge, while its surface is a little moist, place the centre 
of the metal on the middle of the polisher ; then having, with the wet brush, 
lodged as much water round the edge of the metal as the projecting edge will 
hold, fill the hole of the metal and its handle with water, to prevent the evapo- 
ration of the moisture, and the consequent adhesion between the speculum and 
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polisher, and let the whole rest in this state 2 or 3 hours : this will produce an 
intimate contact between the two, and by parting, with any degree of warmth 
they may have acquired by the vicinity of the operator, they will become per- 
fectly cold together. By this time you piay push out the cork from the polisher, 
to discharge the water, and give the metal the parabolic figure in the following 
manner. Move the metal gently and slowly at first, a very little round the 
centre of the polisher (indeed after this rest it will move stiffly) then increasing 
by degrees the diameter of these strokes, and turning the metal frequently round 
its axis, give it a larger circular motion, and this without any pressure but its own 
weight, and holding it loosely between the fingers : this manner of working may 
safely be continued about 2 minutes, moving yourself as usual round the block, 
and carrying the round strokes in their increased and largest state, not more than 
will move the edge of the metal half arv inch or-f- over the tool. The speculum- 
must not all this while be taken off from the polisher ; and consequently no 
fresh putty can be added. It will not be safe to continue this motion longer 
than the time abovementioned ; for if the parabolic tendency be carried the least 
too far, it will be impossible to. recover a true figure of that kind but by going 
through the whole process for the spherical one in the manner before described, 
by the cross strokes on the polisher, which takes a great deal of time. How- 
ever, when there is occasion, it may be done ; and I have myself several times 
recovered the circular figure, when I had inadvertently gone too far with the 
parabolic ; and ultimately finished the metal on the polisher without the use of 
the hones. 

To try the true figure of the metal. — It will now be proper to try the figure of 
the speculum, and that is always best done by placing it in the telescope it is 
intended for. In order to this, I use the instrument as a kind of microscope, 
placing the object however at such a distance that the rays may be nearly parallel. 
At about 20 yards a watch-paper, or some such object, on which there are some 
very fine hair strokes of a graver, is fixed up. The lead must be then taken 
off from the back of the speculum ; which is best done by placing the edge of a 
knife at the junction of the lead and metal, when, by striking the back of it 
with a slight blow, the pitch immediately separates, and the handle drops off; 
the remaining pitch may be scraped off with a knife, taking care that none of 
the dust stick to the polished face of the metal. 

Having placed the speculum in the cell of the tube, and directed the instru- 
ment to the object, make an annular kind of diaphragm with card-paper, so as 
to cover a circular portion of the middle part of the metal between the hole and 
the circumference, equal in breadth to about an 8th part of the diameter of the. 
speculum : this paper ring should be fixed in the mouth of the telescope, and 
vemaiaso during the whole experiment, for the part of the metal covered by it 
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is supposed to be perfect, and therefore unemployed. ' There must be 2 other 
circular pieces of card-paper cut out, of such sizes, that one may cover the 
centre of the metal by completely filling the hole' in the last described annular 
pieoe ; and the other, such a round piece as shall exactly fit into the tube, and 
so broad as that the inner edge may just touch the outer circumference of the 
middle annular piece. It would be convenient to have these last 2 pieces so 
fixed to an axis that they may be put in their places, or removed so easily as not 
to displace or shake the instrument. All these pieces therefore together will 
completely shut up the mouth of the telescope. 

Let the round piece which covers the centre of the metal, or that which has 
no hole in it, be removed ; and, by a nice adjustment of the screw, let the 
image, which is now formed by the centre of the mirror, be made as sharp and 
distinct as possible. Then, every thing else remaining at rest, replace the 
central piece, and remove the outside annular one, by which means the circum- 
ference only of the speculum will be exposed, and the image now formed will be 
from the rays reflected from the outside of the metal. If there be no occasion 
to move the screw and small metal, and the 2 images formed by these 2 portions 
of the metal be perfectly sharp and equally distinct, the speculum is perfect, 
and of the true parabolic curve ; or at least the errors of the great and little 
speculum, if there be any, are corrected by each other. If, on the contrary, 
under the last circumstance, the image from the outside of the metal should 
not be distinct, and it should become necessary, in order to make it so, that 
the little speculum be brought nearer, it is plain that the metal is not yet brought 
to the parabolic figure ; but if, on the other hand, in order to procure distinct- 
ness, you be obliged to move the little speculum farther off, then the figure of 
the great speculum has been carried beyond the parabolic, and has assumed an 
hyperbolic form. When the latter is the case, the circular figure of the metal 
must be recovered, after having fixed on the handle with soft pitch, by bold 
cross strokes on the polisher, finishing it again in the manner above described. 
If the speculum be not yet brought to the parabolic form, it must cautiously 
have a few more round strokes on the polisher ; indeed a very few of them in 
the manner before described make in effect a greater difference in the speculum 
than would be at first imagined. If a metal of a true spherical figure were to 
be tried in the abovementioned manner in the telescope, which I have frequently 
done, the difference of the foci of the 2 segments of the metal would be so con- 
siderable, as to require 2 or 3 turns of the screw to adjust them ; so very great 
is the aberration of a spherical figure of the speculum, and so improper to pro* 
cure that sharpness and precision so necessary to a good reflecting telescope. 

This is by no means the case with the object glasses of refractors ; for besides 
that they are in fact never so distinct as well finished reflectors, the apertures of 
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them are so exceedingly small, compared to the latter, and the number of de- 
grees employed so very small, that the inconvenience of a spherical figure is not 
so much perceived. Accordingly we observe in the generality of reflectors 
(whose specula, unless by accident, are always spherical) that the only true rays , 
which form the distinct image arise from the middle of the metal : and unless 
the defect be remedied by a considerable aperture, which destroys mueh light, the 
false reflection from the inside of the metal produces a greyish kind of haziness-, 
which is never seen in Mr. Short’s* or indeed in any good telescopesi 

Supposing that the 1 foci of the different parts of the metal perfectly coincide* 
and that, by the union of them when the apertures are removed, the telescope 
shows the objects very sharp and distinct, you are not however even then to 
conclude that the instrument is not capable of further improvement ; for you will 
perceive a sensible difference in the sharpness of the image, under different po- 
sitions of the great speculum with respect to the little one, by turning, round the 
great metal in its oell, and opposing different parts of it to different ports of the 
little metal, correcting, by this means the error of one by the other. This at- 
tempt should be persevered in for some time, turning round the great speculum 
about T ’ T a t a time, and carefully observing, the most distinct situation each time 
theeye-piece is screwed on : when, by trying and turning the great metal ail 
round, the distinctest position is discovered, the upper part of the metal should 
he marked with a black stroke,, that it . may always be lodged in the cell in the 
same position. This is the method Mr. Short always used ; and the caution is: 
of so much consequence, that he thought it necessary to mention it very par- 
ticularly in his printed directions for the use of the instrument. Mr. Short 
also frequently corrected the errors of the great by the little metal in another 
way. If the great speculum did not answer quite well in the telescope, hecured 
that defect sometimes by trying the. effect of several metals successively, by this - 
means correcting the errore of one by the other ; for in: several of hte telescopes' 
which have passed through my hands, when the sizes and powers have been the 
same, I have found that the great metals, though very distinct in their proper' 
telescopes* yet have, when taken out and changed from one to the other, spoiled 
both telescopes, rendering them exceedingly indistinot, which could arise from 
no. other circumstance. For this reason I suppose it was, that be -kept ready 
finished, a great many large metals of the same focal length, so that, when he 
wanted to mount a telescope, he might from a great choice, be able to combine ' 
those metals which suited eaoh other best. I am strongly inclined to believe this 
was the case* not only from the above observation, but because he' showed me ‘ 
himself a box of finished metals, in which I am sure there were a dozen and a- 
half of the same focal length. 

There is another circumstance, and a material one, which must not be omitted) 
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it is this : for the very same reason that the pitch should not be too hard or soft, 
the work will not proceed well in the heat of summer, or the cold of winter : in 
the latter, it may be possible to remedy the defect by having the room warmed 
with a stove ; and in the summer, the other inconvenience may perhaps be 
avoided by using a harder kind of pitch ; but I much doubt in either case 
whether the work will go on so kindly : I have myself always wrought in spring 
and autumn. The process of polishing, and indeed grinding on the hones, will 
not go on so well if it be not continued uninterruptedly from beginning to end ; 
for if the work of either kind be left but for a quarter of an hour, and you then 
return to it again, it will be some time before the tool and metal can get into a 
kindly way of working ; and till they do, you are hurting what was done before. 

Magnify ing very minute objects, and particularly reading at a distance, have 
been generally considered as the surest tests of the goodness of a telescope ; 
and indeed when the page is placed at a great distance, so that the letters sub- 
- tend but a very small angle at the eye, if then they appear with great precision 
and sharpness, it is most probable that the instrument is a good one. But yet we 
are sometimes apt to be deceived by this method ; nor is it always possible to 
determine on the different merits of 2 instruments of equal power, by this mode 
of examination ; for when the letters are removed to the utmost extent of the 
powers of the 2 instruments, the eye is apt to be prejudiced by the imagination. 
If 2 or 3 words can be here and there made out, all the rest are guessed at by 
the sense ; insomuch that an observer, 